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The s u b je c t  o f t h i s  t h e s i s  i s  th e  tech n iq u e  o f sm a ll i n t e s t i n a l  
m a rk er-p erfu sio n  a p p lie d  to  th e  measurement o f je ju n a l  a b so r p tio n  in  man»
The work d e s c r ib e s  s tu d ie s  perform ed in  d e v e lo p in g  th e  tech n iq u e  and 
a p p ly in g  i t  to  stu dy  f a c t o r s  in v o lv e d  in  in f lu e n c in g  i n t e s t i n a l  a b so r p tio n . 
Standard methods o f in v e s t ig a t in g  problem s o f m a ld ig e s t io n , m alab sorp tion  
and v a r io u s  d ia r r h o e a l s t a t e s  are g e n e r a lly  in d ir e c t ,  and g iv e  l i t t l e  
in fo rm a tio n  on th e  d ir e c t  a b so r p tio n  c a p a c ity  of th e  sm a ll i n t e s t in e .
The developm ent o f lo n g  i n t e s t i n a l  tu b es opened up the p o s s i b i l i t y  o f  
d ir e c t ly  s tu d y in g  th e  a b so r p tiv e  area  of th e  sm a ll i n t e s t i n e .  The i n i t i a l  
u se  o f  n o n -a b so rb a b le , w a te r -so lu b 1e markers in  c o n ju n c tio n  w ith  lo n g  
i n t e s t i n a l  tu b es  was a major advance in  th e  developm ent of sm a ll i n t e s t i n a l  
in tu b a tio n  te c h n iq u e s , (B ergstrom , B a lq v is t ,  Lundh e t  a l ,  1957 ) « W ith in  
a few  y e a r s  o f  t h i s  developm ent, e a r ly  sm a ll i n t e s t i n a l  p e r fu s io n  s tu d ie s  
were ap p earin g . S in c e  th e n , a number o f d i f f e r e n t  v e r s io n s  o f th e  tech n iq u e  
have appeared. There h a s , how ever, been  no g e n e r a l agreem ent as to  th e  
b e s t  way to  perform  th e se  s t u d ie s .
A f te r  an in tr o d u c to r y  s e c t io n ,  th e  background to  th e  developm ent o f  
th e  tech n iq u e  i s  d e sc r ib e d , and th e  n e c e ssa r y  req u irem en ts d ié c u ss e d .
S e c t io n  I I  d e s c r ib e s  i n i t i a l  s tu d ie s  perform ed on th e  developm ent o f th e  
p e r fu s io n  system . The b a s ic  p r in c ip le s  are d e f in e d , and a number of  
s p e c i f i c  problem s c o n s id er e d . These in c lu d e  th e  req u irem en ts o f an 
adequate nor>™absorbable r e fe r e n c e  su b stan ce  and th e  need f o r  new m arkers, 
th e  c h o ic e  o f th e  p e r fu s io n  tube system , and problem s r e la t in g  to  th e  
in f lu e n c e  o f f lo w  r a te  and com p osition  o f th e  p e r fu s a te  used  in  in d iv id u a l  
s t u d ie s .  The need f o r  new and e a s i l y  measured n o n -ab sorb ab le , w a te r -s o lu b le  
markers f o r  p e r fu s io n  s tu d ie s  le d  to  a com parison o f  51CrCl^ and 510? WJ'Vk 
in  th e  p e r fu s io n  system  by comparing each w ith  p h e n o lsu lp h o n p h th a le in  (F'cP], 
The r e s u l t s  show a good c o r r e la t io n  f o r  w ater a b so r p tio n  f ig u r e s  ob ta in ed  
u s in g  51Cr EBTA w ith  th o se  u s in g  PSP, and a poor c o r r e la t io n  betw een
Vw ater a b so r p tio n  c a lc u la te d  u s in g  510rCl^ compared w ith  th o se  c a lc u la te d  
u s in g  PSP. giC r EPTA th u s appears to  be a s a t i s f a c t o i y  non^absorbable  
w a te r -s o lu b le  r e fe r e n c e  su b stan ce  f o r  i n t e s t i n a l  p e r fu s io n  s tu d ie s .
The co m p o sitio n  o f  th e  p e r fu sa te  was a ls o  in v e s t ig a te d  w ith  p a r t ic u la r  
r e fe r e n c e  to  th e  r e la t io n s h ip  o f  g lu c o se  to  sodium and w ater  a b so r p tio n .  
U sing  a t r i p l e —lumen tube p e r fu s io n  system  and p e r fu s a te s  c o n s is t in g  o f  
i s o t o n i c - s a l in e  and g lu e o s e - s a l in e  w ith  g lu c o se  c o n c e n tr a t io n s  ran gin g  
from 28 mM to  224 inM, i t  was found th a t  w ith  in c r e a s in g  c o n c e n tr a t io n s  
of g lu c o se  up to  56mM, in c r e a s in g  a b so r p tio n  o f  w ater  and sodium occu rred . 
With h ig h  c o n c e n tr a t io n s  o f  g lu c o se  (224  mM) a marked r e d u c tio n  o f  w ater  
and sodium a b so r p tio n .o c c u r r e d , and n et s e c r e t io n  o f sodium was found  
in  th e  jejunum. Prom th e s e  r e s u l t s  a g lu c o se  c o n c e n tr a t io n  o f ^6  mM in  
g lu c o s e - s a l in e  s o lu t io n s  has been  tak en  as b e in g  th e  b e s t  b a s ic  p e r fu sa te  
f o r  subsequent je ju n a l  p e r fu s io n  s t u d ie s .
The e f f e c t  o f d i f f e r e n t  p e r fu s io n  f lo w  r a te s  on w ater  and e le c t r o l y t e  
a b so r p tio n  has a ls o  been  s tu d ie d . I n fu s io n  r a te s  o f 10 ml p e r  m inute,
15 m l/m in u te , 20 m l/m inute and 25 m l/m inute were in v e s t ig a te d  and no 
s ig n i f i c a n t  d i f f e r e n c e  was found in  th e  a b so r p tio n  o f  w ater  and e l e c t r o l y t e s  
a t  each o f th e s e  r a t e s .  However, a tren d  towards a r e d u c tio n  o f  w ater  and 
e le c t r o l y t e  a b so r p tio n  a t 25 m l/m inute was n o ted . From th e se  r e s u l t s  an 
in fu s io n  r a te  o f 20 m l/m inute was s e le c t e d  a s  th e  stan d ard  p e r fu s io n  flo w  
r a te  f o r  th e  je ju n a l  p e r fu s io n  s tu d ie s  su b seq u en tly  perform ed.
F in a l ly ,  in  t h i s  s e c t io n ,  th e  d e s ig n  o f th e  i n t e s t i n a l  tube system  
i t s e l f  was s tu d ie d . A t r ip le - lu m e n  tube p e r fu s io n  system  was d esig n ed  
w hich in co rp o ra ted  a double—lumen system  and a proxim al o c c lu d in g  b a llo o n .  
A b sorp tion  m easured u s in g  th e  tr ip le - lu m e n  system  co u ld  th e r e fo r e  be 
d ir e c t ly  compared w ith  th a t  c a lc u la te d  by th e  doub le-lum en system  in  th e
vi
same p a t ie n t s  a t th e  same t im e . The e f f e c t  o f b a llo o n  i n f l a t i o n  on 
i n t e s t i n a l  a b so r p tio n  co u ld  a l s o  be s tu d ie d . The r e s u l t s  dem onstrated  
th a t  a b so r p tio n  f ig u r e s  u s in g  th e  tr ip le - lu m e n  tube system  appeared  
l e s s  v a r ia b le  than  th o se  u s in g  th e  doub le-lum en te c h n iq u e . The double­
lumen system  gave r e s u l t s  in  th e  same p a t ie n t s  w hich were s i g n i f i c a n t l y  
h ig h e r  than th o se  ob ta in ed  u s in g  th e  tr ip le - lu m e n  system . I n f la t io n  
o f  th e  prox im al o c c lu d in g  b a llo o n  was not found to  in t e r f e r e  s i g n i f i c a n t l y  
w ith  a b so r p tio n .
On th e  b a s i s  o f th e se  p r e lim in a iy  in v e s t ig a t io n s  a stan dard  tech n iq u e  
and exp er im en ta l procedure was d e v ise d  f o r  u se  in  j e ju n a l  p e r fu s io n  s tu d ie s  
in  man. In  g e n e r a l,  a t r i p l e —lumen tube system  was u sed , a lth ou gh  a d o u b le -  
lumen tube w ith  proxim al o c c lu d in g  b a llo o n  was c o n s id er e d  a c c e p ta b le . A 
b a s ic  p e r fu s a te  o f g lu c o s e - s a l in e  c o n ta in in g  g lu c o se  in  a c o n c e n tr a t io n  o f  
56 mM was u sed , a lth ou gh  m o d if ic a t io n s  o f t h i s  p e r fu s a te  were made from tim e  
to  tim e depending on th e  in v e s t ig a t io n  b e in g  perform ed, A co n sta n t p e r fu s io n  
f lo w  r a te  o f  20 m l/m inute was u t i l i s e d  in  a l l  th e  s t u d ie s .  In  g e n e r a l,  
two w a te r -s o lu b le  m arkers were used  in  each stu d y  (u s u a l ly  PSP and 51Cr EBTA), 
th e  r e s u l t s  b e in g  worked out u s in g  b oth  m arkers.
F o llo w in g  th e  developm ent o f t h i s  stan dard  tech n iq u e  th e  system  was 
a p p lie d  to  stu d y  th e  e f f e c t  o f v a r io u s  f a c t o r s  on in f lu e n c in g  i n t e s t i n a l  
a b so r p tio n  from th e  jejunum. These s tu d ie s  are d e sc r ib e d  in  s e c t io n  I I I .
The e f f e c t  o f con ju ga ted  and unconjugated  b i l e  a c id s  in  v a r io u s  c o n c e n tr a t io n s  
on a b so r p tio n  o f  w ater  and e le c t r o l y t e s  in  th e  prox im al jejunum was s tu d ie d  
in  t h is  way. The tr ih y d r o sy  b i l e  a c id  c h o l ic  a c id  and i t s  g ly c in e  and 
ta u r in e  c o n ju g a te s , had no s ig n i f i c a n t  e f f e c t  on w ater  and e le c t r o l y t e  
a b so r p tio n . The d ihydroxy b i l e  a c id  d e o x y o h o lic  a c id , how ever, s i g n i f i c a n t l y  
in h ib it e d  w ater  and e l e c t r o l y t e  a b so r p tio n  a t  low c o n c e n tr a t io n  and induced  
n e t s e c r e t io n  a t  h ig h e r  c o n c e n tr a t io n s . S im ila r  r e s u l t s  were found when
vil
ta u r o d e o x y ch o lic  and g ly c o d e o x y c h o lic  a c id  were u sed . The u se  o f  
ch en od eoxych o lic  a c id  and i t s  ta u r in e  con ju gate  had a s im ila r  e f f e c t  in  
in h ib i t in g  w ater  and e l e c t r o l y t e  a b so r p tio n  and in d u c in g  s e c r e t io n  a t  
h ig h e r  c o n c e n tr a t io n . The r e s u l t s  o f  t h i s  stu d y  show th a t  d ihydroxy b i l e  
a c id s ,  w hether con ju ga ted  or u n con ju gated , in h ib i t  w ater  and e le c t r o ly t e  
a b so r p tio n  and may cause n e t s e c r e t io n  w ith in  th e  proxim al jejunum. The 
r e s u l t s  are o f im portance in  th e  p a th o g e n e s is  o f d ia rrh o ea  a s s o c ia te d  
w ith  c o n d it io n s  o f b a c t e r ia l  overgrow th ( i n  w hich d e c o n ju g a tio n  and d e -  
hydroxy l a t  io n  o f b i l e  a c id s  may occur) and su g g e s t  th a t  b i l e  a c id s  and 
p o s s ib ly  l i p i d s  are o f im portance in  b a la n c in g  th e  movement o f f lu i d s  in  
th e  upper sm a ll i n t e s t in e .
T h is theme i s  fu r th e r  d eve lop ed  in  th e  f o l lo w in g  ch ap ter  when 
l i p i d s  in  th e  form o f an em u lsion  c o n ta in in g  g ly c e r o l  t r i o l e a t e  (5  mM) and 
sodium ta u r o c h o là te  ( 2 .5  mM) was p e r fu se d  and found to  in h ib i t  w ater  and 
e le c t r o l y t e  a b so r p tio n  from th e  upper jejunum. T h is e f f e c t  was c o n sid ered  
to  be due to  th e  r e le a s e  o f o l e i c  a c id  fo l lo w in g  l i p o l y s i s  in  th e  sm all 
i n t e s t in e .  F u rth er  ev id en ce  fa v o u r in g  t h i s  was o b ta in ed  in  p a t ie n t s  w ith  
ch ro n ic  p a n c r e a t i t i s  in  w hich th e  same l i p i d  em u lsion  was not found to  
in h ib i t  w ater  and e l e c t r o l y t e  a b so r p tio n  in  th e  jejunum. In  such p a t ie n t s  
l i p o l y s i s  i s  i n e f f i c i e n t  due to  p a n c r e a tic  in s u f f i c i e n c y  and o l e i c  a c id  
may n ot be r e le a s e d  and th u s no damage occurred  t o  th e  a b so r p tio n  
mechanisms in  th e  jejunum. The r e s u l t s  o f t h i s  stu d y  fu r th e r  support th e  
con cep t th a t  th e  r e la t io n s h ip  o f b i l e  a c id s  and l i p i d s ,  and th e  occurrence  
o f  f a t  a b so r p tio n  i t s e l f ,  are im portant f a c t o r s  in  th e  m aintenance o f  
normal f l u i d  b a la n ce  in  th e  upper sm a ll i n t e s t in e .
The e f f e c t  o f chem ica l s t im u la n ts  such as d ihydroxy b i l e  a c id s  and 
l ip i d s  on w ater  and e l e c t r o l y t e  tr a n sp o r t lea d ^ to  a c o n s id e r a t io n  o f  th e  
in f lu e n c e  o f  v a r io u s  drugs on je ju n a l  w ater  and e l e c t r o l y t e  a b so r p tio n .
V l l l
The e f f e c t  o f fru sem id e a d m in istered  in tr a v e n o u s ly  on w ater  and e l e c t r o l y t e  
a b so r p tio n  in  th e  human jejunum was th ereb y  s tu d ie d  u s in g  a doub le-lum en  
p e r fu s io n  system  w ith  prox im al o c c lu d in g  b a llo o n . Frusem ide (40  mg) 
s i g n i f i c a n t l y  reduced th e  a b so r p tio n  o f w ater and e l e c t r o l y t e s ,  and caused  
n e t s e c r e t io n  in  some s u b j e c t s .  Ho s ig n i f i c a n t  change, how ever, was 
ob served  when 20 mg o f  fru sem id e  was g iv e n . These f in d in g s  may e x p la in  th e  
d ia rrh o ea  w hich may be induced by fru sem id e in  some p a t ie n t s ,  and r a is e s  
im portant q u e s t io n s  in  r e la t io n  to  th e  a b s o ip t io n  o f  drugs such as d ig o x in  
w hich may be a d m in istered  a t  th e  same tim e a s  fru se m id e .
In  S e c t io n  IV s tu d ie s  are r e p o r ted  in  w hich th e  i n t e s t i n a l  p e r fu s io n  
tech n iq u e  i s  u sed  to  in v e s t ig a t e  th e  je ju n a l a b so r p tio n  a b n o r m a lit ie s  in  
p a t ie n t s  w ith  c o e l ia c  d is e a s e  and Crohn’ s d is e a s e .  In  a d u lt  c o e l ia c  
d is e a s e  i t  was found th a t  a l l  p a t ie n t s  s tu d ie d  had an i n h ib i t io n  o f je ju n a l  
a b so r p tio n  o f w a ter  and e le c t r o l y t e s  and most e x h ib it e d  n e t s e c r e t io n  of 
w a te r , sodium and c h lo r id e . Ho s ig n i f i c a n t  improvement in  a b so r p tio n  was 
observed  in  p a t ie n t s  w ith  a d u lt  c o e l ia c  d is e a s e  3 to  4 months a f t e r  
s t a r t in g  a g lu t e n - f r e e  d i e t ,  d u rin g  w hich tim e a l l  th e  p a t ie n t s  s tu d ie d  had 
improved c l i n i c a l l y  and to  some e x te n t  h i s t o l o g i c a l l y .  One p a t ie n t  showed 
an improvement o f i n t e s t i n a l  a b so r p tio n  one y e a r  a f t e r  g lu te n  w ithdraw al 
but one fu r th e r  p a t ie n t  showed no improvement a t  t h i s  tim e a lth ou gh  i t  
was su b seq u en tly  found th a t  he had not been  k eep in g  s t r i c t l y  to  h i s  g lu te n -  
f r e e  d i e t .  T h is f in d in g  a cco u n ts  f o r  some o f th e  sym ptom atology o f  a d u lt  
c o e l ia c  d is e a s e ,  n o ta b ly  abdom inal d is t e n s io n ,  p a in  and to  some e x te n t ,  
th e  w atery  d ia r rh o ea  w hich i s  o f t e n  p r e s e n t . The la c k  o f  resp o n se  o f  th e  
a b so r p tio n  ab n orm ality  to  th e  e x c lu s io n  o f  g lu te n  from  th e  d ie t  w ith in  3 -4  
months s u g g e s ts  a s low  im provem ent, and i t  i s  p o s s ib le  th a t  th e  a b so r p tio n  
abnorm ality  may rem ain f o r  some tim e and may on ly  improve in  th e  proxim al 
jejunum, where damage i s  most marked, much l a t e r .  The c l i n i c a l  resp o n se  
w hich o f t e n  occu rs e a r ly  may be due to  improvement in  a b s o ip t io n  in  th e
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d i s t a l  jejunum and ileum  so th a t  a g r e a te r  degree  o f  r e a b so rp tio n  o f th e  
f l u i d  s e c r e te d  in  th e  proxim al jejunum may occur s h o r t ly  a f t e r  s t a r t in g  
th e  g lu te n - f r e e  d i e t .
In  p a t ie n t s  w ith  Crohn’ s d is e a s e  v a r ia b le  r e s u l t s  were ob ta in ed  but 
in  4 o f th e  6 p a t ie n t s  s tu d ie d , an in h ib i t io n  o f  w ater  and e le c t r o ly t e  
a b so r p tio n  was observed  in  th e  jejunum and in  two s u b je c t s  s e c r e t io n  o f  
w a ter , sodium and c h lo r id e  was found . In  on ly  one o f  th e se  p a t ie n t s  was 
je ju n a l involvem ent su g g e ste d  as b e in g  marked on r a d io lo g ic a l  exam in ation  
and in  t h i s  p a t ie n t  th e  d ia g n o s is  was confirm ed h i s t o l o g i c a l l y  by je ju n a l  
b io p sy . In  a l l  th e  o th e r  p a t ie n t s  s tu d ie d  no s ig n i f i c a n t  r a d io lo g ic a l  
abnorm ality  was n oted  in  th e  jejunum. The r e s u l t s  em phasise th e  d i f f u s e  
nature o f Crohn’ s d is e a s e  and in d ic a te  th a t  th e  i n t e s t i n a l  mucosa i s  
in v o lv e d  to  a much g r e a te r  e x te n t  than can be judged by r a d io lo g ic a l  
appearances a lo n e . I t  a ls o  accou n ts to  some e x te n t  f o r  some o f th e  
d ia rrh o ea  in  p a t ie n t s  w ith  Crohn’ s d is e a s e  a lth ou gh  m u lt ip le  f a c t o r s  are  
l i k e l y  to  be in v o lv e d  in  th e  p a th o g e n e s is  o f d ia r rh o ea  in  in d iv id u a l  
p a t ie n t s  w ith  Crohn’ s d is e a s e .
F in a l ly ,  S e c t io n  V i s  g iv e n  over to  c o n s id e r a t io n s  on th e  p o s s ib le  
fu tu r e  a p p l ic a t io n s  o f  th e  sm a ll i n t e s t in a l  p e r fu s io n  tec h n iq u e . The 
a p p l ic a t io n  o f  th e  tech n iq u e  to  th e  study o f th e  a b so r p tio n  o f  f o l i c  a c id ,  
l ip i d s  and drugs i s  c o n s id er e d , and th e  tech n iq u e  may be o f immense v a lu e  
in  th e se  f i e l d s .  The tech n iq u e  can a ls o  be a p p lie d  to  stu d y  th e  a c t i v i t y  
of membrane d ig e s t iv e  enzym es, and then measure p a n c r e a tic  enzyme a c t i v i t y .  
The p o s s i b i l i t y  o f s tu d y in g  i n t e s t in a l  a b so r p tio n  u s in g  a more p h y s io lo g ic a l  
’ slow  marker p e r fu s io n ’ system  i s  co n sid ered  and th e  p o s s i b i l i t y  o f 
t a i l o r in g  th e  tech n iq u e  to  stu dy p a r t ic u la r  a s p e c ts  o f i n t e s t in a l  p h y s io lo g y  
and d is e a s e  p r o c e ss e s  i s  d is c u s s e d .
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SMALL INTESTINAL FUNCTION 
AND DYSFUNCTION
FUNCTIONS OF THE SMALL -  INTESTINE
The sm a ll—i n t e s t i n e ,  com p risin g  th e  duodenum, jejunum and ileum  has  
two p r in c ip a l  fu n c t io n s  — d ig e s t io n  and a b so r p tio n ,
1 , DIGESTION
Food le a v in g  th e  stom ach i s  p a r t ia l l y  broken down, but l i t t l e  d ig e s t io n  
occu rs in  th e  stom ach, apart from some begun by enzymes produced by th e  
s a l iv a r y  g la n d s . The p r in c ip a l  i n i t i a l  phase o f d ig e s t io n  occu rs w ith in  
th e  duodenum and jejunum fo l lo w in g  th e  s e c r e t io n  o f th e  p a n c r e a tic  enzymes 
am ylase, l ip a s e  and t r y p s in .  In  th e  ca se  o f d ie ta r y  f a t ,  s o lu b i l i s a t i o n  
occu rs w ith  th e  a id  o f  b i l e  a c id s  produced in  th e  l i v e r  and tra n sp o r te d  
by th e  b i l e  d u c ts . D if f e r e n t  mechanisms o f d ig e s t io n  are adopted f o r  
th e  p r in c ip a l  components o f in g e s te d  fo o d  -  f a t ,  carb oh yd rates and p r o t e in .
P at i s  in g e s te d  p r in c ip a l ly  in  th e  form o f  lo n g -c h a in  t r i g l y c e r id e s .  
(M atson and Volpenheim , 1964) ,  T r ig ly c e r id e  i s  broken down by p a n c r e a tic  
l ip a s e  to  e v e n tu a lly  form m on oglycerid e  and f r e e  f a t t y  a c id s .  These 
w a te r - in s o lu b le  compounds e n te r  th e  aqueous phase o f in tr a lu m in a l s o lu t io n  
by means o f th e  fo rm a tio n  o f m ixed m ic e l le s  w ith  b i l e  a c id s  ( Hofmann and 
S m all, 1967) ,  C arbohydrates are p r in c ip a l ly  in g e s te d  a s  s ta r c h , su cro se  
and l a c t o s e .  These compounds are broken down by s a l iv a r y  and p a n c r e a tic  
am y la ses , and in tr a lu m in a l d ig e s t io n  in  th e  duodenum occu rs v ery  r a p id ly .  
(G ray, 1970)« M a lto se , m a lt o tr io s e ,  su cro se  and la c t o s e  are a l l  su b seq u en tly  
h y d ro ly sed  by i n t e s t i n a l  su r fa c e  d ig e s t io n  by brush  b ord er  enzymes (M il le r  
and Crane, I 9 6 1 ) .  P r o te in  d ig e s t io n  b e g in s  in  th e  stom ach w ith  th e  
a c t io n  o f  p e p s in , but most in g e s te d  p r o te in  i s  h y d r o ly sed  in  th e  duodenum 
and upper jejunum by p a n c r e a tic  p r o te a s e s  and p e p t id a s e s ,  O lig o p e p tid a se s  
o f  th e  i n t e s t i n a l  brush b ord er h y d ro ly se  some d i ,  t r i  and t e t r a p e p t id e s ,  
a lth o u g h  p e p t id e s  c o n s is t in g  p r im a r ily  o f g ly c in e ,  p r o l in e ,  h y d roxyp ro lin e
2or d ic a r b o x y lic  amino a c id s  may be absorbed in  p e p t id e  form , a f t e r  which  
h y d r o ly s is  may occur w ith in  th e  c e l l ,  (K ania, S a n tia g o  and Gray, 1972;
K ra ft , Geddes, Hyde e t  a l ,  1 9 6 8 ),
2 , ABSORPTION
F o llo w in g  th e  com plex mechanisms o f i n t e s t i n a l  d ig e s t io n ,  
a b so r p tio n  occu rs in  v a r io u s  w ays. In  th e  ca se  o f l i p i d s ,  th e  mixed m ic e l le  
appears to  break  up a t  th e  i n t e s t i n a l  su r fa c e  membrane, a llo w in g  th e  
r e le a s e d  m onoglycerid e and f r e e  f a t t y  a c id s  to  e n te r  th e  c e l l  a c r o ss  th e  
l ip o p r o t e in  membrane. The b i l e  a c id s  rem ain w ith in  th e  i n t e s t i n a l  lumen 
to  form o th e r  m ic e l le s  and th em se lv es  are absorbed ( p r in c ip a l ly  in  th e  
ter m in a l ileum ) and re—c ir c u la te d  in  an e n te r o h e p a tio  c ir c u la t io n  through  
th e  l i v e r  (B ergstrom , Lundh and Hofmann, 1 9 6 3 ).
The p rod u cts o f carbohydrate d ig e s t io n  are absorbed in  two p r in c ip a l  ways. 
G lucose and g a la c to s e  are a c t iv e ly  tra n sp o r te d  a c r o ss  th e  in t e s t in e  
by a p r o c e ss  r e q u ir in g  energy and sodium io n s  (G ray, 1970)* A c tiv e  
pumping o f sodium io n s  out o f th e  i n t e s t in a l  c e l l s  p r o v id e s  energy  
a llo w in g  g lu c o se  and g a la c to s e  to  be absorbed a g a in s t  a c o n c e n tr a t io n  
g r a d ie n t , (M alawer, Ewton, F ord tran  e t  a l ,  1965; O lsen  and I n g e lf in g e r ,
1968; F is h e r  and Gardner, 1 9 7 4 ). F ru cto se  i s  absorbed by a p r o c e ss  o f  
f a c i l i t a t e d  d i f f u s io n ,
A m ino-acids e n te r  and are tra n sp o r te d  a c r o ss  th e  i n t e s t i n a l  c e l l  
by an a c t iv e  p r o c e ss  a ls o  in v o lv in g  sodium io n s  (Gray and Cooper, 1 9 7 l ) ,
The a b so r p tio n  o f w ater and e l e c t r o l y t e s  i s  o f s p e c ia l  im portance to  
th e  a p p l ic a t io n s  o f th e  s m a l l - in t e s t in a l  p e r fu s io n  tech n iq u e  d e sc r ib e d  
i n  t h i s  work, and i s  p r e se n te d  in  r a th e r  more d e t a i l .
The i n t e s t i n a l  m ucosal e p ith e liu m  may be regard ed  a s  a compartment 
w ith  n e t movement o f su b sta n ces  through th e  in d iv id u a l  c e l l s  occu rr in g  
up or down g r a d ie n ts  o f c o n c e n tr a t io n , and an e le c tr o -c h e m ic a l  p o t e n t ia l
3e x i s t in g  a c r o ss  th e  e p ith e liu m . I f  th e  movement occu rs ’ up h i l l ’ , th en
by d e f in i t i o n  th e  movement i s  ’ a c t i v e ’ (P a rso n s, 19T l)*  Sodium i s
absorbed from th e  jejunum by an a c t iv e  tra n sp o r t system  o f  t h i s  k ind
which i s  a b le  to  tra n sp o r t  sodium from th e  lumen a g a in s t  g r a d ie n ts  o f
chem ica l c o n c e n tr a t io n , th e  n e g a t iv e  e l e c t r i c a l  charge o f th e  i n t e s t i n a l  
mucosa, and in  some c ircu m stan ces a g a in s t  th e  b u lk  f lo w  o f w ater  ( S c h u ltz  
and Curran, 1 9 6 8 ), The energy f o r  t h i s  sodium pumping mechanism appears 
to  be th e  membrane bound ATPase. (G lynn, 1 9 6 8 ), These ATPase system s  
c o n s t i t u t e  an in t e g r a l  p a r t o f th e  b io ch em ica l a r c h it e c tu r e  o f  c e l l  
membranes. The m aintenance o f th e  sodium pump th u s r e q u ir e s  a c o n tin u in g  
m etabolism  on th e  p a r t o f th e  c e l l  so as to  m a in ta in  th e  supp ly  o f ATP,
The a b so r p tio n  o f sodium i s  in h ib it e d  i f  th e  in t e s t in e  i s  exposed  to  
m e ta b o lic a l ly  u n s u ita b le  c o n d it io n s , (P a rso n s, 1 9 6 8 ), The a c t iv e  tra n sp o r t  
o f sodium a ls o  appears to  be r e la t e d  to  th e  a b so r p tio n  o f g lu c o se  and c e r t a in  
am in o-ac id s (S c h u ltz  and Z alusky, 1964» Munck, 1972; H e l l i e r ,  Thirum alai 
and H oldsw orth, 1 9 7 3 ). F a c to r s  such as in tr a lu m in a l pH (R ousseau and 
S lad en , 1 9 7 l)  and i n t e s t i n a l  b lood  f lo w  (h ove , M atthews, and V e a l l ,  1972) 
a ls o  appear to  be im portant in  th e  a b so r p tio n  o f  sodium from th e  jejunum.
In  man, th e  e le c tr o -c h e m ic a l  p o t e n t ia l s  a g a in s t  w hich sodium i s  absorbed  
in c r e a s e  a b o r a lly . Thus sodium i s  absorbed a g a in s t  g r e a te r  g r a d ie n ts  in  
th e  d i s t a l  sm a ll bow el compared to  th e  jejunum (F o rd tra n , R e c to r , and 
G arter, 1 9 6 8 ),
The mechanism o f  w ater  a b so r p tio n  i s  c o n sid ered  to  be p a s s iv e ,  secondary  
to  th e  a b so r p tio n  o f s o lu t e s  ( S c h u ltz  and Curran, 1968; P a rso n s , 1 9 6 8 ), 
T ransport o f  s o lu t e ,  such as sodium c h lo r id e , c r e a te s  an osm otic  g r a d ien t  
f o r  w ater  movement (P a rso n s, 1967; Love, M itc h e ll  and P h i l l i p s ,  1 9 6 8 ). 
M alab sorp tion  o f w ater  i s  a ls o  seoon d a iy  to  m a la b so rp tio n  o f s o lu t e s .
A b sorp tion  o f p otassiu m  appears to  occur in  th e  jejunum m ainly by 
th e  s o lv e n t  drag, and in  th e  ileum  i s  a s s o c ia te d  more s p e c i f i c a l l y  w ith
4th e  tr a n sp o r t  o f  sodium (Turnberg, 1 9 7 2 ). I n t e s t in a l  a b so r p tio n  o f  
an ion s appears to  be a com plex p r o c e s s . Movement o f c h lo r id e  and 
b ic a rb o n a te  are c lo s e l y  cou p led . C h lo r id e -b ica rb o n a te  exchange in  th e  
ileum  has been  r e la t e d  to  sodium and hydrogen io n  tr a n sp o r t  (Turnberg, 
F ord tran , G arter e t  a l ,  1970» Turnberg, B ie b e r d o r f, Morawski e t  a l ,  1 9 7 0 ). 
I t  appears th a t  c h lo r id e  and b ica rb o n a te  can be absorbed to g e th e r  in  
th e  jejunum but in  th e  ileum  and c o lo n , c h lo r id e  i s  u s u a l ly  absorbed  
and b ica rb o n a te  s e c r e te d . C h loride c o n c e n tr a t io n s  d e c r e a se , b ica rb o n a te  
c o n c e n tr a t io n s  in c r e a s e  and th e  pH r i s e s  th e  more d i s t a l l y  th e  f l u i d  
p a s s e s  down th e  i n t e s t i n e .  The s e c r e t io n  o f b ica rb o n a te  in to  th e  lumen 
o f ileum  appears to  depend upon th e  p resen ce  o f c h lo r id e  io n s  w ith in  
th e  i n t e s t i n a l  lumen (H ubei, 1 9 6 9 ).
The n et a b so r p tio n  o f  s a l t  i s  th u s e s s e n t i a l l y  a two-way p r o c e ss ,  
n et a b so r p tio n  b e in g  a s s o c ia te d  w ith  th e  occu rren ce o f m assive  
b id ir e c t io n a l  f lu x e s  a c r o ss  th e  c e l l s .  Water a b so r p tio n  i s  p a s s iv e  
and secondary to  th e  a b so r p tio n  o f s o lu t e .
A b so rp tio n  o f ir o n  and ca lcium  occur p r in c ip a l ly  from th e  duodenum 
and in v o lv e  com plex c o n tr o l mechanisms (M anis and S ch a ch ter , 1962;
T ay lor  and Wasserman, 1 9 6 9 ).
A b sorp tion  o f v ita m in s  depends upon w hether th ey  are f a t - s o lu b le  
or w a te r - s o lu b le .  The f a t —s o lu b le  v ita m in s . A, B, E, and K, depend 
upon th e  mechanisms o f l i p i d  a b so r p tio n  p r e v io u s ly  d e sc r ib e d , and 
w a te r -s o lu b le  v ita m in s  appear to  be absorbed by a p a s s iv e  mechanism.
F o l ic  a c id  i s  absorbed p r in c ip a l ly  in  th e  jejunum, in  th e  form of  
p te r o y lg lu ta m ic  a c id . The p o ly g lu ta m a tes  ( th e  p r in c ip a l  form o f  
d ie ta r y  f o l a t e )  must be d econ ju gated  p r io r  to  a b so r p tio n . (R osenberg  
and Godwin, 1971» H offbrand, 1 9 7 l)«  F in a l ly ,  V itam in  B^^ 1® absorbed
by an a c t iv e  i n t r i n s i c  fa c to r -m e d ia te d  p r o c e ss  in  th e  ter m in a l ileum  
(C o rc in o , Waxman and H erb ert, 1 9 7 0 ).
SMALL INTESTINAL DYSFUNCTION
S m a l l - in t e s t in a l  d y s fu n c tio n  r e s u l t in g  in  d e f ic ie n c y  o f  a b so r p tio n  
o f  e s s e n t i a l  su b sta n c es  in to  th e  b lood stream  may r e s u l t  from d iso r d e r s  
o f  d ig e s t io n  o f in g e s te d  fo o d , or o f  d iso r d e r s  o f a b so r p tio n  a c r o ss  th e  
i n t e s t i n a l  m ucosa, A c l a s s i f i c a t i o n  o f th e  p r in c ip a l  ca u ses  o f  
m a ld ig e s t io n  and m a la b so rp tio n  i s  shown in  Table 1 ,1 ,
M a ld ig e s tio n
M a ld ig e s tio n  w i l l  occur when in g e s te d  f o o d s t u f f s  are in a d e q u a te ly  
d ig e s te d  due to  th e  la c k  o f ,  or inad eq u ate  p ro d u c tio n  o f ,  d ig e s t iv e  enzym es. 
T h is , in  t u r n ,le a d s  to  a secondary i n t e s t i n a l  a b so r p tio n . D ig e s t io n  o f  
f a t ,  p r o t e in  and carb oh yd rate, r e q u ir e s  p a n c r e a tic  enzym es, and th u s  
d is e a s e s  o f  th e  p an creas may produce a m a ld ig e s t io n  s t a t e .  T h is w i l l  fo l lo w  
ch ro n ic  p a n c r e a t i t i s  and c y s t i c  f i b r o s i s ,  and in  some in s ta n c e s ,  carcinom a  
o f  p an creas (Cerda and B rooks, 1967» R a sto g i and Brown, I 9 6 7 ) ,  D e f ic ie n t  
in tr a lu m in a l b i l e  a c id  c o n c e n tr a t io n  w i l l  le a d  to  f a t  m a ld ig e s t io n  w ith  
s te a to r r h o e a , and may fo l lo w  e x tr a h e p a t ic  b i l i a r y  o b s tr u c t io n  (A tk in so n , 
N ordin and S h e r lo ck , 1956)or ch ro n ic  in tr a h e p a t ic  d is e a s e  (M arin, C lark  
and S e n io r , 1 9 6 9 ). Fat m a ld ig e s t io n  may a ls o  f o l lo w  b rea k in g  o f th e  
e n te r o h e p a tio  c ir c u la t io n  o f b i l e  a c id s  due to  se v e r e  d is e a s e  o f th e  
ter m in a l ileum  as in  Crohn’ s d is e a s e ,  or  a f t e r  i l e a l  r e s e c t io n  (Hofmann, 
1967) .  I t  may a ls o  f o l lo w  je ju n a l  b a c t e r ia l  overgrow th due to  i n t e s t i n a l  
s t a s i s  as in  th e  b l in d  loop  syndrome, s t r i c t u r e s ,  or m u lt ip le  je ju n a l  
d iv e r t i c u la .  (R osen b erg , H ard ison  and B u ll ,  I 967 ) .  A c h o le o y s to o h o l ic  
f i s t u l a  may a ls o  le a d  to  b i l e  a c id  in s u f f i c i e n c y  and f a t  m a ld ig e s t io n .  
Inadequate m ix ing  fo l lo w in g  g a s t r i c  su rg ery , as w ith  p a r t ia l  g a strec to m y , 
may a ls o  le a d  to  a m a ld ig e s t io n  s t a t e .  (C o r s in i ,  G a n d o lfi, Bone c h i e t  a l ,
1966) .
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D iso r d e rs  o f m a lab sorp tion  b road ly  r e f e r  to  c o n d it io n s  le a d in g  
to  damage o f th e  a c tu a l a b so r p tio n  p r o c e ss  i t s e l f .  T h is may fo l lo w  
damage to  th e  sm all i n t e s t i n a l  mucosa g iv in g  r i s e  to  s u b to ta l  or  
p a r t ia l  v i l l o u s  a trop h y , as in  c o e l ia c  d is e a s e  (B enson , K ow lessar and 
S le is e n g e r ,  I 9 6 4 ) in  w hich i n t e s t i n a l  damage i s  caused  by in g e s te d  
g lu te n  in  th e  d i e t .  O ther c a u ses  o f m ucosal m a la b so rp tio n  in c lu d e  
t r o p ic a l  sprue ( K l ip s t e in ,  1 9 6 8 ), and r a r er  c o n d it io n s  in c lu d e  sm all 
i n t e s t i n a l  r e s e c t io n  or bypass (K a ise r , B oth, Trueman e t  a l ,  I960;
H ard ison  and R osenberg, 1967) ,  r a d ia t io n  damage to  th e  sm all in t e s t in e  
(T an k el, C lark  and L ee, I 9 6 5 ) ,  W hipple’ s d is e a s e  (G ross, W ollaeger,
Sauer e t  a l ,  1 9 5 9 ), i n t e s t i n a l  lymphoma (E idelm an, P ark in s and Rubin, 1966) 
i n t e s t i n a l  ly m p h a n g ie c ta s ia  (Waldemann, S t e in f i e l d ,  B u tch er , e t  a l ,  1961) ,  
a b e ta lip o p r o te in a e m ia  ( I s s e lb a c h e r , S c h e ig , P r o tg in  e t  a l ,  1964) ,  
a m y lo id o s is  ( G i la t ,  Revach, Sohar, 1 9 6 9 ), hypogam m aglobulinaem ia (Ament 
and Rubin, 1 9 7 2 ), sm all i n t e s t i n a l  isch aem ia  ( B ir c h ir ,  Bartholomew,
G ain e t  a l ,  1 9 6 6 ), and p a r a s i t i c  in f e c t io n s ,  such a s  g ia r d ia s i s  (H osk in s, 
Winawar, Broitm an e t  a l ,  1967) and hookworm (M eronei, Cox and S o la r , 1 9 6 2 ).
M alab sorp tion  may a ls o  accompany en d ocrin e  c o n d it io n s  such as 
d ia b e te s  m e l l i t u s  (R ubel, and K a lsa r , I 964) sc lerod erm a (Khan, J e f f r i e s ,  
and S le is e n g e r ,  1 9 6 6 ), th y r o id  ( Crane and E vans, I 9 6 6 ) and p a ra th y ro id  
d is e a s e  ( R u s s e l l ,  I 9 6 7 ) .  Drugs such as C h olestyram in e (Z u r ie r , Hashim 
and Van I t a l l i e ,  I 965 ) and Heomycin (R ogers, VIo dm an, Blum e t  a l ,  1 9 6 6 ), 
may a ls o  cause m a lab sorp tion  s t a t e s .
Sym ptomatology o f  M a ld ig e s tio n  and M alab sorption
A w ide range o f sym ptom atology may f o l lo w  th e  developm ent o f m a ld ig e s t io n  
and m a la b so rp tio n  s t a t e s .  T his can be c l a s s i f i e d  in to  two main groups 
(G ray, 1 9 7 3 ).
A. L oca l g a s tr o —i n t e s t i n a l  symptoms — Abdominal p a in , d i s t e n s io n  and 
d ia r rh o ea  are common f e a tu r e s  o f  m a ld ig e s t io n  and m a la b so rp tio n  s t a t e s .
These symptoms may f o l lo w  m a la b so rp tio n  o f f l u i d  and may a ls o  in  some 
c a s e s  be due to  a s e c r e t io n  o f  f l u i d  from th e  i n t e s t i n a l  m ucosa. I f  
s te a to r r h o e a  i s  p r e s e n t ,  th e  c l a s s i c a l  f e a tu r e s  o f la r g e ,  b u lk y , g r e a sy ,  
f o u l—s m e llin g  s t o o l s  w hich f l o a t  on w a ter , may be p r e s e n t . In  most 
p a t ie n t s  th e  p a ssa g e  o f two or th r e e  s o f t  bow el m otions p er  day may
be p r e se n t  f o r  some tim e b e fo r e  symptoms become s e v e r e ,  and in  some 
p a t ie n t s ,  no g a s tr o —i n t e s t i n a l  symptoms may be p r e s e n t .
B . D e f ic ie n c y  s t a t e s  f o l lo w in g  m alab sorp tion
A s t a t e  o f m a ln u tr it io n  and c a c h e x ia  may occur l a t e  in  m a lab sorp tion  
and m a ld ig e s t io n  s t a t e s  i f  e a r ly  sym ptom atology i s  o v er lo o k ed .
D e f ic ie n c ie s  o f f a t —s o lu b le  v ita m in s  may cause h y p e r k e r a to s is  o f  th e  s k in ,  
(v ita m in  A ), ecch ym osis and haem aturia  (V itam in  K) and p a r a th e s ia , te ta n y  
and bone p a in  (V itam in  D ). M alab sorp tion  o f th e  w a te r -s o lu b le  v ita m in  
B com plex may r e s u l t  in  g l o s s i t i s ,  c h e i l o s i s  and p e r ip h e r a l neuropathy. 
Anaemias are  common and may be due to  ir o n , f o l i c  a c id  or v ita m in  B^^ 
d e f ic ie n c y .  O steom alacia , (C alcium  and V itam in  D ), m uscle w eakness (P o ta ss iu m ), 
te ta n y  (C alcium , magnesium) or p e r ip h e r a l oedema (a lbu m in) may be p r e s e n t .
As m entioned above, one o f th e  p r in c ip a l  symptoms r e la t e d  to  s m a ll-  
i n t e s t i n a l  d y s fu n c tio n  i s  d ia r rh o ea . In  r e c e n t  y e a r s ,  t e c h n ic a l  advances 
( in c lu d in g  in fo r m a tio n  o b ta in ed  from i n t e s t i n a l  p e r fu s io n  s tu d ie s )  have 
g iv e n  us a g r e a te r  know ledge o f  th e  p a th o g e n e s is  o f d ia r rh o ea , and th e
9com plex p a th o g e n e s is  o f t h i s  symptom r e q u ir e s  fu r th e r  d is c u s s io n .
The P a th o p h y sio lo g y  o f D iarrh oea
P a t ie n t s  w ith  m a la b so rp tio n  s t a t e s  may have d ia r rh o ea , but th e r e  are  
many o th e r  ca u ses  o f d ia rrh o ea  u n a sso c ia te d  w ith  m a ld ig e s t io n  or mal­
a b so r p tio n . Some of th e se  ca u ses  may be due to  d y s fu n c tio n  o f  th e  sm a ll 
i n t e s t in e  and o th e r s  due to  c o lo n ic  d y s fu n c tio n .
D iarrh oea  may be c l a s s i f i e d  in  th r ee  p r in c ip a l  ways: ( P h i l l i p s ,  1 9 7 2 ).
(a )  O sm otic r e ta r d a t io n  of w ater a b so r p tio n .
(b ) Abnormal e l e c t r o l y t e  and w ater  tr a n sp o r t .
( c )  D iso r d e r s  o f t r a n s i t .
( a) O sm otic f a c t o r s
( i )  O verload:
D iarrh oea  may f o l lo w  d ie ta iy . in d i s c r e t io n s ,  a lth ou gh  
in d iv id u a l  and r a c ia l  v a r ia t io n s  in  th e  d ig e s t io n  and a b so r p tio n  of  
carbohydrate may be a f a c t o r  in  many such c a s e s  ( B a y le s s ,  P a ig e  and 
P erry , 1 9 7 l ) .  Sometimes d ia rrh o ea  may occur when th e  normal com pensatory  
c a p a c ity  to  d ig e s t  and absorb i s  exceed ed , w hich may occur under c e r t a in  
d ie ta r y  c ir c u m sta n c e s ,
( i i )  M alab sorption :
D iarrh oea  i s  a fr e q u e n t , but not an in v a r ia b le ,  symptom of  
m a la b so rp tio n  o f  carb oh yd rate, f a t  and p r o t e in , and may fo l lo w  a w ide  
v a r ie t y  o f g a s t r o - in t e s t i n a l  d i s e a s e s .  The p r e se n c e  o f  unabsorbed d ie ta r y  
components in  th e  bow el lumen a ls o  c o n s t i t u t e s  an abnormal osm otic  lo a d . 
M alab sorp tion  o f carbohydrate may a ls o  occur in  d is a c h a r id a s e  d e f ic ie n c y  
secondary to  c o e l ia c  d is e a s e ,  and o f te n  o th er  p a t h o lo g ic a l  c o n d it io n s  o f  
th e  sm a ll i n t e s t in e  (W elsh, Z s c h ie sc h e , Anderson e t  a l ,  1 9 6 9 ).
10
D isa c h a r id a se  d e f ic ie n c y  may cause d ia rrh o ea  by o sm otic  e f f e c t s ,  and may 
a ls o  have an e f f e c t  o f  d e c r e a s in g  th e  pH o f th e  c o lo n  (C h r isto p h er  and 
B a y le s s , 1 9 7 l ) .  M alab sorp tion  o f  f a t  le a d s  to  d ia rrh o ea  by com p lica ted  
mechanisms in  w hich hydroxy f a t t y  a c id s  may p la y  a p a r t . (W iggins,
P earson , R u s s e l l ,  e t  a l ,  1 9 7 3 ). M alab sorp tion  o f  p r o t e in  i s  an in fr e q u e n t  
cause o f  d ia r rh o ea . The mechanism o f  d ia rrh o ea  a s s o c ia t e d  w ith  carbo­
hyd rate  and l i p i d  m a la b so rp tio n  i s  c le a r ly  com plex in  o r ig in  and 
r e q u ir e s  fu r th e r  s tu d y ,
(b ) Abnormal e l e c t r o l y t e  and w ater  tra n sp o r t
As p r e v io u s ly  d e sc r ib e d , th e  n et a b so r p tio n  o f s a l t  (and th u s o f  
w a te r ) , i s  e s s e n t i a l l y  a two-way p r o c e s s , th e  n e t  a b so r p tio n  b e in g  
a s s o c ia t e d  w ith  th e  occu rren ce o f b id ir e c t io n a l  f lu x e s  a c r o ss  th e  c e l l s .
I t  i s  c le a r  th a t  t h i s  a b so r p tio n  mechanism i s  f i n e l y  b a lan ced  and i f  
d e str o y e d , may w e l l  le a d  to  a s t a t e  o f  reduced a b so r p tio n  or n et  
s e c r e t io n .
I t  h as been  su g g e ste d  th a t  a number o f abnormal f a c t o r s  may le a d  
to  s t im u la t io n  o f i n t e s t i n a l  s e c r e t io n ,  th u s a l t e r in g  e le c t r o l y t e  and 
w ater  tr a n sp o r t . Even a m odest impairment o f  r e a b so r p tio n  in  one a rea , 
i f  n ot com pensated by in c r e a se d  a b so r p tio n  in  a n o th er  a rea , can le a d  to  
d ia r rh o ea . ( P h i l l i p s ,  1 9 7 2 ). T o x ic , ch em ica l, humoral and m ucosal 
f a c t o r s  may le a d  to  d ia rrh o ea  by a l t e r in g  w ater  and e le c t r o l y t e  a b so r p tio n  
in  th e  sm a ll i n t e s t i n e ,  but fu r th e r  in fo rm a tio n  and e v a lu a t io n  o f  
d ia r r h o e a l d is e a s e  fo l lo w in g  th e s e  ca u ses  r e q u ir e s  fu r th e r  in v e s t ig a t io n  
( F ie ld ,  1 9 7 4 )' T h is a sp e c t  w i l l  be d e a lt  w ith  in  g r e a te r  d e t a i l  in  a 
l a t e r  p a r t  o f t h i s  work, as th e  study o f such in f lu e n c e s  on w ater  and 
e l e c t r o l y t e  a b so r p tio n  i s  a major a p p l ic a t io n  o f  th e  tech n iq u e  o f  
sm all i n t e s t i n a l  p e r fu s io n .
1 1 .
( c) D iso r d e rs  o f t r a n s i t
For a b so r p tio n  to  p roceed  n orm ally , chyme must be m ixed and d ig e s te d  
s u f f i c i e n t l y ,  and exposed  to  an adequate m ucosal su r fa c e  f o r  a c r i t i c a l  
minimum tim e . M ixing and p r o p u ls iv e  f a c t o r s  th u s p la y  a p a r t  in  th e  
normal a b so r p tio n  m echanism s. Thus c o n d it io n s  le a d in g  to  h y p o m o tility  
and s t a s i s ,  such as s t r i c t u r e s ,  d iv e r t i c u la ,  b l in d  lo o p s  or m uscular  
d is e a s e  may be fo llo w e d  by b a c t e r ia l  overgrow th in  th e  sm a ll i n t e s t in e .  
(G orbach, 1 9 7 1 ). S te a to r r h o e a  may f o l lo w  and may be due to  b a c t e r ia l  
d e c o n ju g a tio n  o f b i l e  a c id s ;  w atery  d ia rrh o ea  a ls o  fr e q u e n t ly  fo l lo w s  
th e s e  overgrow th s t a t e s .  The b a s ic  cause o f th e  w atery  d ia rrh o ea  o f  
t h i s  ty p e  i s  a s  y e t  unknown. An a s s o c ia t io n  betw een ra p id  i n t e s t i n a l  
t r a n s i t  and m a la b so rp tio n  i s  n ot c le a r ly  proven , and when th ey  do 
c o - e x i s t  th e  cau se  and e f f e c t  in  r e la t io n s h ip s  are o f t e n  p o o r ly  d e f in e d .  
(C o n n e ll, I 96I ) .  A number o f f a c t o r s  such as f a t t y  a c id s ,  b i l e  a c id s  and 
hormones may have an e f f e c t  on i n t e s t i n a l  smooth m uscle fu n c t io n . (F arrar  
and Z a fa ss , 1967; M is ie w ic z , W a ller , K ile y  e t  a l ,  I 9 6 9 ) .
Much in fo r m a tio n  i s  th u s s t i l l  to  be o b ta in ed  on th e  mechanisms o f  
m a la b so rp tio n  s t a t e s  and th e  p a th o g e n e s is  o f d ia r rh o ea . I t  seems p o s s ib le  
th a t  th e  tech n iq u e  o f s m a l l - i n t e s t in a l  p e r fu s io n  may be h e lp fu l  in  
p r o v id in g  some o f  th e s e  answ ers.
TABLE 1 .1




-  C hronic p a n c r e a t i t is
-  C y s t ic  f ih r o s i s
-  Cancer o f pancreas
2 . INTRALUMINAL BILE ACID DEFICIENCY
-  B i l ia r y  t r a c t  o b s tr u c t io n
-  C hronic in tr a h e p a t ic  o b s tr u c t io n
-  I n te r r u p t io n  o f e n te r o h e p a tic  c ir c u la t io n  o f b i l e  
a c id s
-  I n t e s t in a l  s t a s i s  w ith  b a c t e r ia l  overgrow th, 
(b l in d  lo o p s , s t r i c t u r e s ,  sc lero d erm a ).
-  C h o le c y s to c h o lic  f i s t u l a e
3. INADEQUATE MIXING -  fo llo w in g  g a s t r i c  su rgery
MALABSORPTION
1. MUCOSAL DAMAGE
-  C o e lia c  d is e a s e
-  T ro p ica l sprue
-  Crohn’ s d is e a s e
-  W hipple’ s d is e a s e
-  A m ylo id osis
-  R a d ia tio n
-  P a r a s i t i c  in f e c t io n
2 . INTESTINAL RESECTION
TABLE 1 .1  ( c t d . )
3. VASCULAR
— S u p er io r  m ese n te r ic  a r te r y  o c c lu s io n
— Atheroma
4 . LYMPHATIC OBSTRUCTION
— R e t ic u lo s i s
— I n t e s t in a l  ly m p h a n g iec ta sia
5. BACTERIAL OVERGROWTH
6. DRUGS
— Neomycin, C o lc h ic in e , C h o lestyram in e, 
D ip h en y lh yd an to in
7. MISCELLANEOUS
— H yperthyro id ism , h yp oth yro id ism . P a ra th y ro id  
d is e a s e ,  A d d ison ’ s d is e a s e ,
— D ia b e te s  m e l l i t u s
— Hypogammaglobulinaemia
— A b eta lip o p ro te in a em ia
CHAPTER 2
THE INVESTIGATION OP 
SMALL INTESTINAL FUNCTION
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STANDARD CLINICAL TESTS OF DIGESTION AND ABSORPTION
A w ide v a r ie t y  o f  t e s t s  have been  d e v ise d  f o r  th e  measurement o f  
d ig e s t io n  and a b so r p tio n  in  th e  sm a ll i n t e s t i n e .  Most o f th e se  t e s t s  
are in d ir e c t  and do n ot g iv e  s p e c i f i c  in fo rm a tio n  about th e  a b i l i t y  
o f th e  sm a ll i n t e s t i n s  to  absorb d ig e s te d  fo o d .
Many o f  th e  t e s t s  a v a i la b le  are b a la n ce  s t u d ie s ,  to le r a n c e  t e s t s  
or th e  measurement o f d e f ic ie n c y  s t a t e s  by th e  d ir e c t  e s t im a t io n  o f b lo o d  
l e v e l s .  Thus th e  q u a n t i ta t iv e  e s t im a t io n  o f f a e c a l  f a t  has rem ained th e  
stan dard  t e s t  f o r  many y e a r s  f o r  th e  p resen ce  o f s te a to r r h o e a , but 
p r o v id e s  no in fo rm a tio n  about th e  a c tu a l a b i l i t y  o f th e  s m a l l - in t e s t in a l  
mucosa to  absorb l ip i d s  (Van de Earner, H uinink, and W eyers, 1949)» The 
p a n c r e a tic  s ta g e  o f  d ig e s t io n  can be t e s t e d  by u se  o f th e  s e c r e t in  t e s t  
( D r e i l in g  and Ja n o w itz , 1962) or by th e  Lundh t e s t  m eal (Lundh, 1 9 6 2 ).
Both o f th e se  m ethods are l i a b l e  to  in a c c u r a c ie s  in  b o r d e r lin e  c a s e s  o f  
p a n c r e a tic  in s u f f i c i e n c y .  Carbohydrate a b s o ip t io n  can be measured  
in d ir e c t ly  by th e  u se  o f to le r a n c e  t e s t s  such a s  g lu c o se  to le r a n c e  t e s t  
and th e  d -x y lo s e  e x c r e t io n  t e s t  (F in la y , H ogarth and Nightman, 1964) .  
B lood l e v e l s  are o f te n  u sed  to  e s t a b l i s h  th e  p r e sen ce  o f d e f i c i e n c i e s ,  
alth ou gh  no in fo r m a tio n  i s  o b ta in ed  from th e se  t e s t s  as to  th e  a b so r p tio n  
o f  th e  s p e c i f i c  su b s ta n c e s . B lood l e v e l s  o f V itam in  B^^ ii'on , f o l i c  
a c id , ca lc iu m , magnesium and phosphorus ■ are such  exam ples.
The u se  o f  r a d io - is o to p e s  i s  o f v a lu e  in  v a r io u s  a b so r p tio n  
s t u d ie s .  Thus, V itam in  B^^ a b so r p tio n  t e s t s  p r o v id e  in fo rm a tio n  about 
th e  i l e a l  i n t e s t i n a l  phase o f a b so r p tio n , and a w ide range o f is o to p e s  
have been  s tu d ie d  over  th e  y e a r s  as b e in g  o f p o s s ib le  v a lu e  in  th e  
measurement o f  l i p i d  a b so r p tio n . (B onnet, H ightow er and R odardte, I 9 6 2 ) .
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A ssay o f sm all i n t e s t in e  d ig e s t iv e  enzymes p r o v id e s  in fo rm a tio n  
about s u r fa c e  s ta g e  d ig e s t io n  (D a h lq v is t , 1 9 6 8 ). Sm all—i n t e s t i n a l  
r a d io lo g y , such as sm a ll bow el enema, may a ls o  p r o v id e  u s e fu l  in fo rm a tio n  
in  some p a t ie n t s ,  but p r o v id e s  no in fo rm a tio n  about th e  a b so r p tiv e  
c a p a c ity  o f th e  sm a ll in t e s t in e  (Marshak and L indner, 1 9 6 6 ).
S u c tio n  b io p sy  o f th e  sm a ll i n t e s t in e  g iv e s  e s s e n t i a l  in fo rm a tio n  
about th e  h is t o lo g y  o f th e  i n t e s t i n a l  mucosa, and in  r e c e n t  y e a r s  a 
number o f s u c c e s s f u l  tec h n iq u es  have been  d e v ise d  to  o b ta in  b io p s ie s  
(C rosby, K ugler, 1957; Rubin and D obbins, 1965) .  A stu d y  o f th e  h i s ­
t o l o g i c a l  appearances o f th e  sm a ll i n t e s t i n a l  m ucosa, how ever, g iv e s  
no in fo rm a tio n  about th e  a b i l i t y  o f th a t  mucosa to  m a in ta in  i t s  normal 
a b so r p tio n  c a p a c ity .
A l l  o f  th e s e  methods may be o f v a lu e  in  any in d iv id u a l  p a t ie n t  in  
b u ild in g  up a com p osite  p ic tu r e  o f  d e f i c i e n c i e s ,  h i s t o l o g i c a l  change in  
th e  i n t e s t i n a l  m ucosa, enzyme a c t i v i t y  in  th e  m ucosa, p a n c r e a tic  
enzyme a c t i v i t y  e t c . ,  but none o f them s p e c i f i c a l l y  o f f e r  in fo rm a tio n  
about th e  a b i l i t y  o f th e  i n t e s t i n a l  mucosa to  absorb w a ter , e l e c t r o l y t e s  
or o th er  su b s ta n c e s .
THE DEVELOPMENT OF LONG TUBE SYSTEMS FOR STUDYING SMALL INTESTINAL
FUNCTION
T r a d it io n a l methods f o r  s tu d y in g  th e  f u n c t io n  o f th e  sm all i n t e s t in e  
g iv e  on ly  a v ery  rough approxim ation  o f i n t e s t i n a l  a b so r p tio n  in  man. 
T oleran ce  and b a la n ce  s tu d ie s  can g iv e  a t b e s t  o n ly  in d ir e c t  e s t im a te s  
o f  o v e r a l l  i n t e s t i n a l  f u n c t io n . New and more d ir e c t  methods are req u ired  
to  stu d y  th e  f u n c t io n  o f  th e  sm a ll i n t e s t in e .
The con cep t o f in tu b a t io n  o f th e  g a s t r o - in t e s t i n a l  t r a c t  i s  an o ld  
one, but modern t e c h n ic a l  developm ent such as image i n t e n s i f i c a t i o n  and 
th e  in tr o d u c t io n  o f new m a te r ia ls  f o r  making i n t e s t i n a l  tu b es has made
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th e  w hole con cep t more p r a c t i c a l ,  and has a llo w ed  th e  developm ent 
o f th e  s o p h is t ic a te d  in tu b a t io n  system s a t  p r e se n t  a v a i la b le  f o r  
sm all i n t e s t i n a l  in tu b a t io n . Scheltem a, ( l9 0 8 )  f i r s t  in tu b a te d  th e  
human su b je c t  s u c c e s s f u l ly  and su b seq u en tly  a "duodenal pump" was 
in tro d u ced  by E inhorn  ( l9 2 6 ) .  S u c c e s s fu l  s m a l l - i n t e s t in a l  in tu b a t io n  
was su b seq u en tly  accom p lish ed  by E inhorn (E inhorn , 1919) and McClendon 
(McClendon, B i s s e l l ,  Lowe e t  a l ,  1 9 2 0 ). The u se  o f a c o lla p s a b le  
b a llo o n  on th e  d i s t a l  end o f an i n t e s t i n a l  tube was f i r s t  rep o rted  
by Jones and P earce  ( l 9 3 l ) ,  and a double—lumen tube was f i r s t  
d e sc r ib e d  s u c c e s s f u l ly  by M il le r  and A bbott ( l9 3 4 )*  The tech n iq u e  o f  
th e  u se  o f such  a tube was improved upon, and soon  s tu d ie s  u s in g  i t  
f o r  th e  measurement o f i n t e s t i n a l  a b so r p tio n  were ap p earin g  (A bbott 
and M il le r ,  1936; N ic o ls o n  and Ghornock, 1942; A b b o tt, Karr and M il le r ,  
1937) '  W ith th e s e  o r ig in a l  m ethods, gut segm ents were i s o la t e d  by  
b a llo o n s  w hich probab ly  a f f e c t e d  i n t e s t i n a l  m o t i l i t y  and b lood  su p p ly . 
The s o lu t io n s  were in tro d u ced  d ir e c t ly  to  th e  lumen and unabsorbed  
m a te r ia l was reco v ered  a f t e r  a s e t  tim e in t e r v a l .  The r e s u l t s  from  
th e s e  s tu d ie s  were probab ly  u n r e l ia b le  b ecau se  o f lea k a g e  p a s t  th e  
b a llo o n s  and d i f f i c u l t y  in  r e c o v e r in g  unabsorbed m a te r ia l  r a p id ly  and 
c o m p le te ly .
The u se  o f n on -ab sorb ab le  markers or r e fe r e n c e  su b sta n c es  in  human 
in tu b a t io n  s tu d ie s  was a major advance in  th e  s m a l l - i n t e s t in a l  
in tu b a t io n  tec h n iq u es  (B ergstrom , D a h lq v is t , Lundh and S j o v a l l ,  1 9 5 7 ). 
T his tech n iq u e  meant th a t  q u a n t ita t iv e  reco v ery  o f  unabsorbed m a te r ia l  
was n ot e s s e n t i a l  a s  th e  change in  c o n c e n tr a t io n  o f th e  marker 
su b sta n c es  a llo w ed  th e  c a lc u la t io n  o f  a b so r p tio n  r a t e s .  The e s s e n t i a l  
p r o p e r t ie s  o f  th e s e  r e fe r e n c e  su b sta n ces  are p a r t ic u la r ly  im portant 
f o r  th e  accuracy  o f in tu b a t io n  s tu d ie s  and w i l l  be d e a l t  w ith  in  a
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l a t e r  ch a p te r . F o llo w in g  th e  in tr o d u c t io n  o f n on -ah sorh ah le  m arkers, 
th e  tech n iq u e  o f segm ental i n t e s t i n a l  p e r fu s io n  was proposed  hy Sched l 
and C l i f t o n  ( 1961) and hy F ord tran , L ev ita n , Bikerman e t  a l  ( 1961) 
u s in g  m u lti—lumen tube m ethods. The i n i t i a l  p e r fu s io n  tech n iq u e  has  
b een  shown to  fu n c t io n  e f f e c t i v e l y  in  th e  measurement o f w ater and e l ­
e c t r o ly t e  a b so r p tio n  ( Sched l and C l i f t o n ,  1963; Cooper, L e v ita n , Ford­
tr a n  e t  a l ,  1966; Whalen, H a rr is , Greenan e t  a l ,  1 9 6 6 ), Im portant 
t e c h n ic a l  improvements and m o d if ic a t io n s  have appeared, such as th e  
u se  o f th e  t r ip le - lu m e n  tube system  w ith  a m ixing  segm ent, i n i t i a l l y  
su g g ested  by I n g e lf in g e r  ( 1964) ,  and s u c c e s s f u l ly  u sed  by Cooper,
L e v ita n , F ord tran  e t  a l  ( 1966) ,  and Whalen, H a rr is , Greenan e t  a l  ( 1966) ,  
and a proxim al o c c lu d in g  b a llo o n  w ith  a double—lumen tu b e , in trod u ced  
by P h i l l i p s  and Sum m erskill ( 1966) .
The tech n iq u e  has b een  s u c c e s s f u l ly  used  in  th e  measurement of 
i n t e s t i n a l  a b so r p tio n  o f su b sta n ces  o th er  than  w ater  and e le c t r o ly t e s  
(H oldsw orth and Dawson, 1964; M cMichael, Webb, and Dawson, 1967;
A d ib i and Gray, 1967; S i lk ,  Kumar, P e r r e t t  e t  a l ,  1 9 7 4 ).
The tech n iq u e  i s  c o n s ta n tly  b e in g  a s s e s s e d , d eve lop ed  and a p p lie d  
to  new a b so r p tio n  sy stem s, and a number of c r i t i c a l  and c o n s tr u c t iv e  
a ssessm en ts  o f th e  in d ic a t io n s  and l im it a t io n s  o f th e  tech n iq u e  have  
appeared (F ord tran  1966; G ou lston , O lsen  and H a rr is , 1966; S lad en , 1968; 
F ord tran , 1969; S o e r g e l, 1971; M o d ig lia n i, Rambaud and B e r n ie r , 1 9 7 3 ).
CHAPTER 3
AIMS OP THE STUDIES
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The developm ent o f th e  sm a ll i n t e s t i n a l  marker p e r fu s io n  tech n iq u e  
u s in g  doub le-lum en or tr ip le - lu m e n  tu b es has opened up a major new 
in v e s t ig a t iv e  area  in  th e  d ir e c t  stu d y  o f sm a ll i n t e s t i n a l  fu n c t io n  in  
man. The s tu d ie s  to  be rep o r ted  in  t h i s  work are concerned w ith  th e  
fu r th e r  developm ent and a p p l ic a t io n  o f th e  te c h n iq u e . For th e  purp oses  
o f th e se  in v e s t ig a t io n s  th e  tech n iq u e  has been  l im it e d  to  th e  stu d y  of  
w ater  and e l e c t r o l y t e  tra n sp o r t in  th e  jejunum, a lth ou gh  sm all i n t e s t i n a l  
p e r fu s io n  system s have been  u sed  to  stu d y  th e  a b so r p tio n  o f  carb oh yd rate, 
p r o te in , l i p i d s ,  f o l i c  a c id  and a number o f o th e r  su b s ta n c e s .
The in v e s t ig a t io n s  f a l l  in to  a number o f w e l l - d e f in e d  c a te g o r ie s :
A. S tu d ie s  o f th e  tech n iq u e  o f  sm a ll i n t e s t i n a l  marker p e r fu s io n  in  
th e  jejunum.
In  t h i s  s e c t io n  in v e s t ig a t io n s  w i l l  be d e sc r ib e d  in to  v a r io u s  
accu racy  f a c t o r s  in  p e r fu s io n  s tu d ie s ,  to g e th e r  w ith  a stu d y  o f th e  
b e s t  way to  apply  th e  tec h n iq u e , and th e  typ e o f tube system s u sed . The
im portance o f  p e r fu s io n  f lo w  r a t e s ,  th e  co m p o sitio n  o f p e r fu s a te s  and 
th e  v a l id a t io n  o f new w a te r -s o lu b le  markers f o r  th e  p e r fu s io n  tech n iq u e  
i t s e l f  have a l l  been  s tu d ie d ,
B, S tu d ie s  o f f a c t o r s  in f lu e n c in g  w ater  and e l e c t r o l y t e  a b so r p tio n .
In  t h i s  s e c t io n  in v e s t ig a t io n s  w i l l  be d e sc r ib e d  in  which th e  sm all 
i n t e s t i n a l  p e r fu s io n  tech n iq u e  i s  a p p lie d  to  stu d y  normal i n t e s t i n a l  
tr a n sp o r t  o f w ater  and e l e c t r o l y t e s  in  th e  jejunum, to g e th e r  w ith  
f a c t o r s  in f lu e n c in g  s o lu te  and w ater  movement.
The e f f e c t  o f  d i f f e r e n t  ty p e s  and c o n c e n tr a t io n s  o f b i l e  a c id s ,  and 
of l i p i d s ,  on je ju n a l  a b so r p tio n  o f w ater and e l e c t r o l y t e s  w i l l  be 
d e sc r ib e d  and th e  im portance in v e s t ig a te d  o f a b a la n ce  betw een  v a r io u s  
chem ical f a c t o r s  in  th e  sm a ll in t e s t in e  and th e  e f f e c t  o f  im balance on 
s o lu t e  and w ater  tra n sp o r t  w i l l  be s tu d ie d .
I T
The e f f e c t  o f th e  d iu r e t i c  drug Prusem ide on sm a ll i n t e s t in a l  
a b so r p tio n  o f w a ter  and e l e c t r o l y t e s  w i l l  a ls o  be d e sc r ib e d .
As a r e s u l t  o f th e se  s tu d ie s  more in fo rm a tio n  on th e  p a th o g e n e s is  
o f s e c r e to r y  d ia rrh o ea  has been  o b ta in ed , and a f u l l e r  c l a s s i f i c a t i o n  
o f th e  ca u ses  o f t h i s  ty p e  o f  d ia rrh o ea  can th en  be made,
G. J e ju n a l a b so r p tio n  a b n o r m a lit ie s  in  c o e l ia c  d is e a s e  and Crohn’ s
d i s e a s e .
In  t h i s  s e c t io n  th e  nature o f  th e  je ju n a l a b so r p tio n  a b n o r m a lit ie s  
o f  w ater  and e le c t r o l y t e s  in  d is e a s e  p r o c e ss e s  such a s  Crohn’ s d is e a s e  
and c o e l ia c  d is e a s e  w i l l  be d e sc r ib e d , to g e th e r  w ith  th e  e f f e c t  o f  
therap y such as g lu t e n - f r e e  d ie t  on th e  a b n o r m a lit ie s  found in  c o e l ia c  
d is e a s e .
F in a l ly ,  th e se  s tu d ie s  are on ly  a p art o f  an ongoing  programme of  
r e se a r c h  in to  i n t e s t i n a l  a b so r p tio n  and i t s  a b n o r m a lit ie s , and some 
c o n s id e r a t io n s  w i l l  be made on p o s s ib le  fu tu r e  a p p l ic a t io n s  o f  th e  sm all 
i n t e s t i n a l  p e r fu s io n  tec h n iq u e .
SECTION 11
STUDIES ON THE TECHNIQUE 
OP SMALL INTESTINAL PERFUSION
CHAPTER 4
PRINCIPLES AND PROBLEMS 
OP THE TECHNIQUE.
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BASIC PRINCIPLES OF THE TECHNIQUE
The b a s ic  p r in c ip le  o f th e  sm a ll i n t e s t i n a l  m a rk er-p erfu sio n  tech n iq u e  
i s  s tr a ig h tfo r w a r d . A t e s t  s o lu t io n  c o n ta in in g  an in e r t  r e fe r e n c e  
su b stan ce  i s  in fu se d  in to  th e  jejunum a t  a c o n sta n t r a t e ,  and i n t e s t i n a l  
c o n te n ts  are sam pled c o n tin u o u s ly  d i s t a l  to  t h i s  p o in t .  The in fu s io n  
f lo w  r a te  i s  known, and th e  f lo w  r a te  p a s t  th e  sam p ling  p o in t  can be 
c a lc u la t e d  a c c u r a te ly  from th e  in fu s io n  r a te  and th e  d i f f e r e n c e  in  
c o n c e n tr a t io n  o f  markers betw een  th e  t e s t  s o lu t io n  and a s p ir a te d  sam p les. 
(F ord tran , 1966; S o e r g e l,  1971)• The p r in c ip le  o f th e  u se  o f non­
ab sorb ab le  w a te r -s o lu b le  m arkers i s  d e sc r ib e d  in  F ig u re  4*1« The 
a b so r p tio n  o f s o lu te  or w ater  c a lc u la te d  from th e  change in  marker 
c o n c e n tr a t io n  w ith in  th e  t e s t  segment r e fe r s  to  n e t  a b so r p tio n  or  
s e c r e t io n ,  and th u s m easures f lu x  a c r o ss  th e  m ucosa. The term s 
a b so r p tio n  or s e c r e t io n ,  when a p p lie d  to  th e  r e s u l t s  o f  a sm a ll i n t e s t i n a l  
p e r fu s io n  stu d y , th u s r e f e r  to  th e  d ir e c t io n  o f n e t  movement from the  
i n t e s t i n a l  lumen tow ards b lo o d , or from b lo o d  tow ards th e  i n t e s t i n a l  
lumen.
The c a lc u la t io n  o f  n e t a b so r p tio n  or s e c r e t io n  u s in g  th e  b a s ic  
double-lum en p e r fu s io n  system  i s  shown in  Table 4*l .F o r  a ccu ra te  r e s u l t s  
to  be o b ta in ed  from  m a rk er-p erfu sio n  s tu d ie s ,  th e  fo l lo w in g  c o n d it io n s  
must be p r e s e n t .
(a )  The marker must be u n iform ly  d is tr ib u t e d  in  th e  lu m in a l c o n te n ts .
(b ) Marker c o n c e n tr a t io n  o f th e  sample must be id e n t i c a l  to  th a t  o f  th e  
i n t e s t i n a l  c o n te n t .
( c )  The r a te s  a t w hich th e  marker e n te r s  and le a v e s  th e  stu d y  segment 
must be e q u a l.
FIGURE 4 .1  
PRINCIPLE OF THE USE OF NON-ABSORBABLE 
MARKERS
INFUSATE NET ABSORPTION NET SECRETION
H atched a rea s  r e p r e se n t  c o n c e n tr a t io n  o f  m arker.
TABLE 4 .1
CALCULATION OF ABSORPTION OR SECRETION 
USING DOUBLE-LUMEN TUBE 
PERFUSION SYSTEM
Ml
Net w ater a b s o ip t io n  = I x ( l - j ^ )
«1
Net s o lu te  a b so r p tio n  = I x (s^  — S^ —
X
— i n i t i a l  in fu s io n  r a te
M^  — marker c o n c e n tr a t io n  in  p e r fu sa te
M^  — marker c o n c e n tr a t io n  in  c o l l e c t io n s
S^ — s o lu te  c o n c e n tr a t io n  in  p e r fu sa te
S„ -  s o lu te  c o n c e n tr a t io n  in  c o l l e c t io n s _ 7
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These c o n d it io n s  may he d i f f i c u l t  to  o b ta in  in  a p e r fu s io n  study and are  
d i f f i c u l t  to  prove to  be p r e se n t  in  any stu d y . They depend upon two 
p r in c ip a l  f a c t o r s  -  th e  e x is t e n c e  o f a stea d y  s t a t e  w ith in  th e  t e s t  
segm ent, and th e  hom ogeneity o f th e  i n t e s t i n a l  c o n te n ts  (M o d ig lia n i,  
Rambaud and B e r n ie r , 1 9 7 3 ). The achievem ent o f th e  s t e a d y - s t a t e  system  
means th a t  th e  f lo w  r a te  and lu m in a l s o lu te  c o n c e n tr a t io n  a t any g iv e n  
p o in t  are c o n sta n t w ith  r e sp e c t  to  t im e , but th ey  change w ith  r e sp e c t  to  
d is ta n c e , A stea d y —s t a t e  system  i s  not im m ediately  a t ta in e d  and r e q u ir e s  
a p e r io d  o f p r e lim in a r y  p e r fu s io n  or e q u i l ib r a t io n .  T h is p e r io d  r e q u ir e s  
to  be la r g e r  in  tim e when th e  t e s t  segment i s  lo n g e r  in  le n g th  and th e  
r a te  o f p e r fu s io n  low er . In  g e n e r a l, a p e r io d  o f tim e from  45—60 m inutes  
i s  r e q u ired  f o r  th e  achievem ent o f an a c c e p ta b le  s te a d y  s t a t e .  I t  i s  
u n l ik e ly ,  how ever, th a t  a p e r fe c t  s t e a d y - s ta t e  i s  ev er  r e a l ly  o b ta in ed  
in  th e  t e s t  segment owing to  f a c t o r s  such as u n avo id ab le  a l t e r a t io n s  
in  i n t r i n s i c  i n t e s t i n a l  m o t i l i t y  (G r o is s ie r  and F a rra r , 1 9 6 2 ), change 
in  th e  average d iam eter  o f th e  sm a ll i n t e s t in e  ( b i l l a r d ,  Eastman and 
F ord tran , I 9 6 5 ) ,  and m ucosal b lo o d  f lo w  (B lad en , 1 9 6 8 ). C ontam ination  
o f th e  t e s t  segment w ith  endogenous s e c r e t io n s  and r e f lu x  o f th e  p e r fu sa te  
proxim al to  th e  in fu s io n  p o in t  w i l l  a ls o  a l t e r  th e  s t e a d y - s t a t e .  A lthough  
marker c o n c e n tr a t io n  in  f l u i d  sam pled d i s t a l  to  th e  in fu s io n  p o in t  w i l l  
measure an average f lo w  r a te  p a s t  t h i s  s i t e ,  th e  r a te  o f in flo w  in to  th e  
stu d y  segment i s  unknown, and th e r e fo r e  n et f l u i d  movement cannot be 
a c c u r a te ly  c a lc u la t e d .  V arious a ttem p ts have b een  made to  l im i t  
con tam in ation  by endogenous s e c r e t io n s .  I n i t i a l l y ,  s u c t io n  was a p p lie d  
proxim al to  th e  in fu s io n  s i t e  (F ord tran , L ev ita n , Bikerman e t  a l ,  1 9 6 l ) ,  
and su b seq u en tly  by th e  in tr o d u c t io n  o f a m ixing  segm ent. T h is a llo w s  
th e  in fu se d  t e s t  m a te r ia l  and endogenous s e c r e t io n s  to  m ix th orough ly
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and sam ples o f  th e  p e r fu s io n  s o lu t io n  can he c o l l e c t e d  from  two s i t e s  
d i s t a l  to  th e  in fu s io n  p o in t  ( in g e l f in g e r ,  1964)* I n t e s t in a l  a b so r p tio n  
can th en  be c a lc u la t e d  in  t h i s  t e s t  segment by th e  change in  marker 
c o n c e n tr a t io n  betw een th e  two c o l le c t io n  s i t e s .  T h is p r a c t ic a l  developm ent 
o f th e  t r ip le - lu m e n  tube system  was f i r s t  used  by Cooper and h is  c o lle a g u e s ,  
1966, and Whalen e t  a l ,  1966. C a lc u la t io n  o f a b so r p tio n  or s e c r e t io n  
w ith in  th e  t e s t  segment u s in g  th e  t r ip le - lu m e n  tube p e r fu s io n  system  
i s  shown in  T able 4»2 . I t  has a ls o  been  su g g e ste d  th a t  s ta g g e r in g  o f
c o l l e c t i o n s  from th e  proxim al and d i s t a l  tu b es  may a ls o  g iv e  a more
a ccu ra te  e s t im a te  o f  th e  c a lc u la t e d  a b so r p tio n  v a lu e s  (Whalen, H a rr is , 
Geenan e t  a l ,  1 9 6 6 ) . The u se  o f a proxim al o c c lu d in g  b a llo o n  w ith  a  
b a s ic  two—lumen tube system  has a ls o  been  su g g e s te d  as a means o f  
red u cin g  co n ta m in a tio n  o f th e  t e s t  segment ( P h i l l i p s  and Sum m erskill,
1966) .  A diagram m atic r e p r e s e n ta t io n  o f th e  doub le-lum en  tube system  
w ith  and w ith o u t a proxim al o c c lu d in g  b a llo o n , and th e  t r i p l e —lumen tube  
system  are shown in  F ig u r e s  4*2 , 4*3 and 4*4 r e s p e c t iv e ly .
I t  i s  n e c e ssa r y  to  c o l l e c t  m u lt ip le  sam ples o f f l u i d  from th e  t e s t  
segment over  IO -I5 m inutes each  and th e  a b so r p tio n  c a lc u la te d  over 5 
6 o f th e se  c o l l e c t i o n  p e r io d s  to  m in im ise th e  e f f e c t s  o f  v a r ia t io n  in  
segm enta l a b so r p tio n  r a te s  (S la d en  1 9 6 8 .)
The hom ogeneity o f i n t e s t i n a l  co n ten t i s  a l s o  im p ortan t. The
p r in c ip le  o f th e  m a rk er-p erfu sio n  method supp oses th a t  c o n c e n tr a t io n s  
o f s o lu te  in  th e  sam ples c o l l e c t e d  are id e n t ic a l  to  th o se  in  th e  w hole  
i n t e s t i n a l  c o n te n ts  w hich p a ss  th e  sam pling p o in t ,  and th a t  th e r e  i s  
no c o n c e n tr a t io n  g r a d ien t betw een  th e  c e n tr e  and th e  p e r ip h e ry  o f th e  
f l u i d  colum n. T h is assum ption  may not be n e c e s s a r i ly  c o r r e c t  but any 
e r r o r  due to  t h i s  may not n e c e s s a r i ly  be o f im portance in  any g iv e n  m arker- 
p e r fu s io n  s tu d y . I t  i s  a l s o  th e  c a se  th a t  th e  m easured a b so r p tio n  from
TABLE 4 .2
CALCULATION OF ABSORPTION OR SECRETION 
USING TRIPLE-LUMEN TUBE PERFUSION SYSTEM
Net w ater  a b s o lu t io n  = 
P
N et s o lu t e  a b so r p tio n  "
— f lo w  r a te  e n te r in g  t e s t  segment
Qp -  f lo w  r a te  le a v in g  t e s t  segment
I -  i n i t i a l  in fu s io n  r a te
M^  — marker c o n c e n tr a t io n  in  p e r fu sa te
M — marker c o n c e n tr a t io n  in  f l u i d  c o l l e c t e d  
P
from  proxim al c o l l e c t i o n  p o in t  
Mp — marker c o n c e n tr a t io n  in  f l u i d  c o l l e c t e d  
from d i s t a l  c o l l e c t i o n  p o in t  
Rp — r a te  o f  sam p ling  a t p roxim al c o l l e c t i o n  p o in t  
Sp — S o lu te  c o n c e n tr a t io n  a t  proxim al 
c o l l e c t i o n  p o in t ,
Sp -  S o lu te  c o n c e n tr a t io n  a t d i s t a l  
c o l l e c t i o n  point]]/^
FIGURE 4* 2 
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a col-umn o f f l u i d  in  a s t a t e  o f e q u ilib r iu m  w ith in  a l im it e d  segment o f  
i n t e s t i n e ,  a s in  a p e r fu s io n  stu(% i s  probably somewhat d i f f e r e n t  from  
th e  a b so r p tio n  o f a m eal or o f a norm ally  in g e s te d  s o lu t io n .
A b so rp tio n  r a te s  o b ta in ed  from i n t e s t in a l  p e r fu s io n  vary  w id e ly  
from in d iv id u a lto  in d iv id u a l ,  but appear to  be q u ite  c o n sta n t during  
p ro lon ged  p e r fu s io n  o f  th e  same s u b je c t .  Thus th e  more e f f e c t i v e  
a p p l ic a t io n  o f sm a ll i n t e s t i n a l  m ark er-p erfu sion  s tu d ie s  i s  by th e  u se  
o f a p a ir e d  stu d y  d e s ig n , whereby th e  e f f e c t  o f a p a r t ic u la r  su b stan ce  
or compound on i n t e s t i n a l  a b so r p tio n  i s  in v e s t ig a t e d  r a th e r  than  by 
comparing r e s u l t s  from d i f f e r e n t  groups o f s u b j e c t s ,
SPECIFIC PROBLEMS OF THE TEGHRIQbE 
A number o f s p e c i f i c  problem s e x i s t  w ith  th e  sm a ll i n t e s t i n a l  
p e r fu s io n  te c h n iq u e , and r e q u ir e  to  be c a r e f u l ly  c o n s id e r e d . These are  
as f o l lo w s : —
1. P r o v is io n  o f an adequate s tea d y —s t a t e :
The problem  o f m ucosal su r fa c e  area  v a r ia t io n s  rem ain s. T e le sc o p in g  
o f th e  i n t e s t in e  around th e  tube undoubted ly  occu rs to  some e x te n t  a lth ou gh  
v a r ia b ly ,  and i t  i s  known th a t  th e  m ucosal su r fa c e  a rea  r e la t iv e  to  
i n t e s t i n a l  le n g th  v a r ie s  in  d i f f e r e n t  p a r ts  o f  th e  i n t e s t i n e .  The 
e s ta b lish m e n t o f  an adequate s tea d y —s t a t e  by a llo w in g  a lo n g  e q u i l ib r a t io n  
p e r io d  i s  im p ortan t,
2 , C hoice o f marker
In  order to  m easure d i f f e r e n c e s  in  f lo w  r a te  a lo n g  a p e r fu se d  
segm ent, n on -ab sorb ab le  r e fe r e n c e  su b sta n c es  have b een  in co rp o ra ted  in to  
th e  in fu se d  t e s t  s o lu t io n  and th e  change in  c o n c e n tr a t io n  o f  th e se  
markers c a lc u la t e d .  The req u irem en ts o f  an a c c e p ta b le  marker are  
d is c u s s e d  in  C hapter 5»
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R ecoveiy  s tu d ie s  under c o n d it io n s  which s im u la te  as n e a r ly  as  
p o s s ib le  th e  a c tu a l exp er im en ta l c o n d it io n s  o f a p e r fu s io n  sh ou ld  be 
conducted  b e fo r e  u s in g  a su g g e ste d  nore-absorbable marker (Bloom,
Jacobson  and Grossman, 1 9 6 6 ), The p r e sen t ch em ica l and ra d io —is o t o p ic  
markers are l im it e d  in  number, and a l l  have some d e f e c t  a s w i l l  be 
d e sc r ib e d  in  th e  n ex t C hapter, There i s  a c a se  f o r  s tu d y in g  new m arkers, 
w hich , b e fo r e  u se  in  p e r fu s io n  s tu d ie s  sh ou ld  be c o r r e c t ly  in v e s t ig a te d  
in  r e la t io n  to  th e  c r i t e r i a  f o r  a c c ep ta n c e . I t  h as been  shown th a t  
adequate w a te r -s o lu b le  n on -ab sorb ab le  markers s ta y  e v e n ly  mixed during  
t r a n s i t  through th e  sm a ll in t e s t in e  (P ord tran , L e v ita n , Bikerman e t  a l ,  
197I; S c h e d l, M il le r  and W hite, 1 9 6 6 ), and th ey  are not absorbed  by 
mucus ( Jacobson , Brody, Broitm an e t  a l ,  I 963) .  Marker c o n c e n tr a t io n s  
in  sm a ll sam ples o f a p e r fu s io n  s o lu t io n  are a lm ost id e n t i c a l  to  th a t  
o f th e  e n t ir e  p e r fu s io n  s o lu t io n  p a s s in g  th e  sam p ling  p o in t  (G o ld s te in ,  
O lsen  and H a rr is , 1 9 6 6 ). Thus th e  p r in c ip le  o f th e  marker method 
appears to  be sound f o r  m easuring f lo w  r a te s  and volum es o f i n t e s t in a l  
c o n te n ts . On th e  o th e r  hand, e x i s t in g  w a te r -s o lu b le  r e fe r e n c e  su b sta n ces  
a l l  le a v e  som eth ing to  be d e s ir e d  in  r e la t io n  to  th e  c r i t e r i a  f o r  accuracy  
o f m arkers, and th e r e  i s  c e r t a in ly  a p la c e  f o r  new and d i f f e r e n t  ty p e s  
or m arkers. T h is w i l l  be fu r th e r  d is c u s s e d  in  th e  stu d y  d e sc r ib e d  in  
C hapter 5*
3 . C hoice o f p e r fu s io n  tube system
The two b a s ic  tu b es  a v a i la b le  u se  th e  d oub le-lum en  and th e  t r i p l e ­
lumen tube system s ( S ch ed l and C l i f t o n ,  1961) ,  The u se  o f  th e  b a s ic  
double—lumen tube f o r  i n t e s t i n a l  p e r fu s io n  s tu d ie s  i s  co m p lica ted  by 
co n ta m in a tio n  o f th e  t e s t  segment w ith  endogenous s e c r e t io n s .  The u se  
o f a p roxim al o c c lu d in g  b a llo o n  sh ou ld  p reven t t h i s  problem , ( P h i l l i p s
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and Surm nerskill, 1 9 6 6 .)  The t r i p l e —lumen tube aims a t  a v o id in g  ooi>- 
t am ination  and im proving m ixing  by th e  u se  o f a m ix ing  segment proxim al 
to  th e  t e s t  segm ent.
I t  has been  co n s id er e d  by some authors th a t  th e  measurement o f  
i n t e s t i n a l  a b so r p tio n  o f w ater  and sodium in  man may n ot v a iy  
s i g n i f i c a n t l y  u s in g  th e  doub le and t r i p l e - lumen tube m ethods ( s ia d e n  
and Dawson, 1968a), a lth ou gh  t h i s  c la im  i s  r e fu te d  by o th e r s  (P ord tran , 1969) 
S p e c i f i c  in fo rm a tio n  i s  re q u ire d  on t h i s  p o in t  u s in g  th e  same p a t ie n t s  
p e r fu se d  on th e  same day by both  m ethods, so th a t  th e  r e la t iv e  a c c u r a c ie s  
o f th e  double and t r i p l e —lumen system s can be r e s o lv e d  s a t i s f a c t o r i l y .
The e f f e c t s  o f  a proxim al o c c lu d in g  b a llo o n  in  p o s s ib ly  a l t e r in g  
a b so r p tio n  when i n f la t e d  a l s o  r e q u ir e s  to  be s tu d ie d .
4» C hoice o f  f lo w  r a te
The c h o ic e  o f th e  p e r fu s io n  f lo w  r a te  i s  somewhat a r b i t r a iy ,  and 
v a r ia b le  f lo w  r a te s  have been  used  in  s tu d ie s  r e p o r te d , ran g in g  from  
8 -2 0  m l, p er  m in u te . The f lo w  r a te  o f  th e  normal i n t e s t i n a l  c o n te n ts  
a f t e r  a m eal i s  n o t a c c u r a te ly  known, but has b een  i n d ir e c t ly  e s tim a te d  
a t about 10 m l/m inute in  th e  proxim al jejunum (S la d e n  1 9 6 8 ), The 
e f f e c t  o f th e  p e r fu s io n  f lo w  r a te  on th e  measurement o f  i n t e s t i n a l  
a b so r p tio n  i s  of p r a c t i c a l  im portance, A compromise must be reached  
betw een  th e  p r o v is io n  o f a f lo w  r a te  f a s t  enough to  a llo w  adequate  
c o l l e c t i o n s  to  be made and th e  p r e v e n tio n  o f  th e  developm ent o f la m in a l  
f lo w  w ith  th e  l o s s  o f th e  c e n tr a l  l iq u id  column. F u rth er  ex p er im en ta l 
in fo r m a tio n  i s  re q u ire d  on th e  e f f e c t  o f v a r io u s  f lo w  r a te s  on w ater  
and e le c t r o l y t e  a b so r p tio n  u s in g  th e  p e r fu s io n  system .
5* Problem s r e la t e d  to  th e  l e v e l  and le n g th  o f th e  p e r fu se d  i n t e s t in e  
The p o s i t io n in g  o f th e  p e r fu s io n  tube p r io r  to  th e  s t a r t  o f th e  
p e r fu s io n  i s  v i t a l l y  im p ortan t. I t  i s  e s s e n t i a l  th a t  r a d io lo g ic a l
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ch eck in g  o f  th e  p o s i t i o n  sh ou ld  he perform ed a t th e  b e g in n in g  and end 
o f each  p e r fu s io n . As p r e v io u s ly  m entioned, th e  i n t e s t in e  may sh o r ten  
du rin g  th e  p e r fu s io n  f o l lo w in g  t e le s c o p in g  o f  th e  i n t e s t i n e ,  th e  lo o p s  
may come c lo s e r  to g e th e r  so  th a t  th e  a c tu a l le n g th  o f  th e  t e s t  segment 
i s  g r e a te r  (B lahkenhorn, H irsch  and A hrens, 1955)* The a c tu a l area  
o f th e  i n t e s t in e  under stu d y  cannot be a c c u r a te ly  d eterm in ed  during  
p e r fu s io n . T h is f a c t  a ls o  em p hasises th e  im portance o f  e s t a b l i s h in g  
an adequate s tea d y —s t a t e  p r io r  to  s t a r t in g  th e  p e r fu s io n , and a ls o  
em p hasises th e  id e a l  a p p l ic a t io n  o f  th e  p e r fu s io n  tec h n iq u e  in  in v e s t ig a t ­
in g  th e  e f f e c t  o f in d iv id u a l  su b sta n ces  on th e  a b so r p tio n  o f  w ater  and 
e l e c t r o l y t e s ,  r a th e r  th an  com paring groups of r e s u l t s  from se p a r a te  
p a t ie n t s .
6. Problem s o f c o n c e n tr a t io n  v a r ia t io n s  throughout th e  t e s t  segment 
The in tr a lu m in a l c o n c e n tr a t io n  o f p e r fu sa te  in  th e  i n t e s t in e  
v a r ie s  c o n t in u a lly  throughout th e  t e s t  segm ent. To e s t a b l i s h  an 
a c c u r a te  r e la t io n s h ip  betw een  th e  r a te  o f tr a n sp o r t  and in tr a lu m in a l  
c o n c e n tr a t io n , i t  i s  d e s ir a b le  to  know th e  t h e o r e t ic a l  c o n c e n tr a t io n  
w h ich , i f  u n ifo rm ly  d is t r ib u t e d  throughout th e  t e s t  segm ent, would  
g iv e  th e  r a te  o f  tr a n sp o r t  m easured. As t h i s  c o n c e n tr a t io n  i s  unknown, 
in d iv id u a l  au th ors have u sed  v a r io u s  m athem atica l ways to  determ ine  
th e s e  r e la t io n s h ip s .  The d i f f e r e n c e  betw een th e s e  v a lu e s  i s  n e g l ig ib le  
when th e  c o n c e n tr a t io n  v a r ie s  l i t t l e  w ith in  th e  t e s t  segm ent but t h i s  
i s  n ot th e  c a se  when v a r ia t io n s  are c o n s id e r a b le . F is h e r  and P arson s  
( 1953) dem onstrated  in  i s o la t e d  lo o p s  th a t  th e  c o n c e n tr a t io n  o f  s o lu te  
in  th e  loop  f a l l s  p r o g r e s s iv e ly  w ith  tim e owing t o  a b so r p tio n  of a  
c e r t a in  q u a n tity  o f  th e  s o lu t e .  As c o n c e n tr a t io n  in f lu e n c e s  th e  r a te  
o f  a b so r p tio n , th e  r a te  o f a b so r p tio n  th u s v a r ie s  w ith  t im e . A 
c o r r e c t io n  f a c t o r  in  r e la t io n  to  th e  p ercen ta g e  f a l l i n g  c o n c e n tr a t io n
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betw een th e  i n i t i a l  and f i n a l  f ig u r e s  can be made, and has been  u sed  
as a c o r r e c t io n  co—e f f i c i e n t  in  i n t e s t i n a l  p e r fu s io n  s tu d ie s  by S lad en  
and Dawson ( l9 7 0 ) .
A g r e a te r  u n d erstan d in g  o f  th e  mary f a c t o r s  a f f e c t i n g  r e s u l t s  
o f  i n t e s t i n a l  p e r fu s io n  s tu d ie s  in  man has come from  th e  r e a l i s a t i o n  and 
in v e s t ig a t io n  o f  th e  many v a r ia b le s  to  w hich th e s e  s t u d ie s  are l i a b l e .  
More in fo rm a tio n  i s  s t i l l  req u ired  regard in g  many o f  th e  f a c t o r s  w hich  
may a f f e c t  th e  accu racy  o f th e  r e s u l t s  o f p e r fu s io n  s t u d ie s .
CHAPTER 5
ASSESSMENT OP 51CrCl^ AND 51Cr E .D .T .A . AS 
NON-ABSORBABHE, WATER-SOLUBLE MARKERS 
FOR SMALL INTESTINAL PERFUSION STUDIES
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INTRODUCTION
C r it e r ia  f o r  a c c e p t a b i l i t y  o f  markers
The c r i t e r i a  f o r  an id e a l  r e fe r e n c e  or in e r t  marker su b sta n ce  
have been  d e f in e d  by P ord tran  ( 1966) ,
( i )  I t  sh ou ld  be s t r i c t l y  non -ab sorb ab le  — s lo w ly  absorbed markers
u n d e r -e s t im a te  a b so r p tio n  r a te s  to  some e x te n t ,
( i i )  I t  sh ou ld  n ot be degraded in  th e  i n t e s t i n a l  lumen.
( i i i )  I t  sh ou ld  not be trap ped  by mucus or o th e r  i n t e s t i n a l  c o n te n t,
( iv )  I t  sh ou ld  n ot in f lu e n c e  i n t e s t i n a l  m o t i l i t y ,
(v )  I t  sh ou ld  be a b le  to  be measured e a s i l y  and w ith  accu racy ,
( v i )  I t  sh ou ld  have th e  same s o l u b i l i t y  c h a r a c t e r i s t ic s  a s  th e  t e s t
su b sta n c e ,
( v i i )  I t  must not in f lu e n c e  th e  d ig e s t io n  o f th e  t e s t  su b sta n c e ,
( v i i i )  I t  must n ot be t o x ic .
The id e a l  nonr-absorbable in e r t  marker su b sta n ce  h as not y e t  been  
found . A l l  th e  m arkers a t  p r e se n t  in  u se  have some d e f i c i e n c i e s  but 
th e s e  are g e n e r a lly  c o n s is t e n t  and p r e d ic ta b le  enough to  a llo w  th e
marker to  be u sed  w ith  care  in  th e  measurement o f  th e  a b so r p tio n  o f
w a te r -s o lu b le  su b sta n c es  from th e  sm a ll i n t e s t in e .
E x is t in g  m arkers
The most w id e ly  u sed  n o n -a b so rb a b le , w a te r -s o lu b le  marker i s  
p o ly e th y le n e  g ly c o l  (PEU), The w a te r -s o lu b le  p r o p e r t ie s  o f t h i s  compound 
were confirm ed by S c h a ffe r , C r i t c h f ie ld  and N aiv  ( l9 3 0 )*  P o ly e th y le n e  
g ly c o l  4000 i s  a m ixture o f  m o lecu les  o f v a r y in g  s i z e s  w ith  a mean 
m o lecu la r  w e ig h t betw een  3 ,2 0 0  and 3»700» PEG 4OOO i s  h ig h ly  w a te r -s o l­
u b le  and n on -ab sorb ab le  ( Jacobson , B ondi, Broitm an e t  a l ,  1963; S o e r g e l
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and Hogan, 1967» S o e r g e l,  1 9 6 8 ). A f te r  o r a l  a d m in is tr a t io n , 9 6 .9 ^  
of th e  in g e s te d  dose o f PEG may he reco v ered  in  th e  i n t e s t i n a l  c o n te n ts  
through an i le o s to m y , ( S o e r g e l and Hogan, 1967) and 9 8 .2 ^  in  th e  s t o o l s  
o f normal s u b je c t s  (Hyden, 1 9 5 6 ). There i s  a ls o  ev id en ce  th a t  p o ly ­
e th y le n e  g ly c o l  does n ot adhere to  p r o te in s  and mucus ( Jacobson , e t  a l ,
1963) ,  One o f th e  problem s in  th e  u se  o f p o ly e th y le n e  g ly c o l  i s  th e  
p o t e n t ia l  in a ccu ra cy  o f i t s  a n a ly s is  u s in g  th e  tu r b id o m e tr io  method 
(Hyden, 1 9 5 6 ). T h is problem  s t i l l  rem ains in  s p i t e  o f  some r e c e n t  
improvements in  th e  a n a ly s is .  (M alawen and P o w e ll, 1967; B o u lte r  and 
MoMichael, 1970)« R e c e n t ly , a  g r e a te r  accuracy  o f measurement o f  
p o ly e th y le n e  g ly c o l  has been  a ch iev ed  by th e  u se  o f I 4G l a b e l l in g .  The 
is o to p e  i s  more e a s i l y  and a c c u r a te ly  m easured, and a good com parison  
has been  o b ta in ed  betw een  th e  s t a b le  and 1 4 0 - la b e l le d  v a r i e t i e s  ( M il le r  
and S ch e d l, 1970; W ingate, Sandberg and P h i l l i p s ,  1 9 7 2 ).
A number o f o th e r  n on -ab sorb ab le  w a te r -s o lu b le  m arkers have been  
used  over  th e  y e a r s .  Phenol red  (pSP, p h en o lsu lp h o n p h th a le in ) i s  
absorbed by th e  g a s t r o - in t e s t i n a l  t r a c t  in  man a t  a r a te  o f about 1^ 
p er  hour o f th e  a d m in istered  dose (McLeod, F rench , Good e t  a l ,  1 9 6 8 ),  
9 1 . 8% o f  an in g e s te d  dose o f PSP i s  reco v ered  in  th e  i n t e s t i n a l  co n ten t  
from  an i le o s to m y  (S o e r g e l  and Hogan, I 967 ) .  I t  i s  c o n s id er e d  th a t  th e  
stom ach i s  p a r t ly  r e s p o n s ib le  f o r  t h i s  a b so r p tio n  (Bloom , Jacobson  and 
Grossman, 1967) .  D uring segm en ta l i n t e s t i n a l  p e r fu s io n  in  man th e  u se  
of PEG and PSP s im u lta n e o u s ly  has g iv e n  i d e n t i c a l  r e s u l t s  ( S c h e d l, 1966; 
S ch ed l, M il le r  and W hite, 1966; F rench , Brown, Good e t  a l ,  1 9 6 8 ). T his  
a ls o  a p p l ie s  w ith  PSP and I 4G—PEG (Domschke, D em ling, Domschke e t  a l ,  
1973) .  I t  th u s appears th a t  a b so r p tio n  of PSP i s  n e g l ig i b le  from a 
l im it e d  segm ent o f p e r fu se d  i n t e s t i n e .  PSP b in d s  to  p r o te in s  such as
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c a s e in  and album in (G rollm an, 1 9 2 5 ), and t h i s  may r e s u l t  in  th e  uneven  
d is t r ib u t io n  o f  th e  marker w ith in  th e  i n t e s t i n a l  c o n te n t . I t  has a ls o  
been  shown th a t  f a l s e l y  h ig h  rea d in g s o f absorbance may be ob ta in ed  
w ith  s o lu t io n s  c o n ta in in g  PSP in  th e  p resen ce  o f m ucoproteins (McGregor 
and Meyer, 1 9 7 4 ). In  s p i t e  o f th e se  p o t e n t ia l  d isa d v a n ta g es  w ith  th e  
u se  o f th e  PSP as a n on -ab sorb ab le  w a te n -so lu b le  m arker, i t  does seem 
to  be a s a t i s f a c t o r y  marker f o r  u se  in  i n t e s t i n a l  p e r fu s io n  s tu d ie s  in  
man. P henol red  (PSP)has a ls o  been  u sed  s u c c e s s f u l ly  in  a number of 
o th e r  s tu d ie s  ( P h i l l i p s  and Sum m erskill, 1966; C lark and W illia m s, 1971» 
M ille r  and S c h e d l, 1 9 7 2 ).
B rom su lp h th a le in  ( bSP) may also be used  as a noi^-absorbable w a te r -  
s o lu b le  marker (P ord tran , L e v ita n , Bikerman, e t  a l ,  1 9 6 l ) .  Some 
a b so r p tio n  o f th e  marker does occur how ever, ( b i l l e r ,  Eastman and Ford— 
tr a n , 1 9 6 5 ), and th e  e s t im a t io n  may be in a c cu ra te  in  th e  p resen ce  o f  
b i l e  pigm ent (McLeod, French, Good e t  a l ,  1 9 6 8 ).
Indocyan ine g reen  i s  l e s s  s a t i s f a c t o iy  a s  a marker as th e r e  i s  
some e v id en ce  th a t  i t  may adhere to  mucus (Maddrey, S ereb ro , Marcus e t  
a l ,  1967) .  Indocyan ine g reen , l ik e  BSP, i s  e s t im a te d  by a c o lo r im e tr ic  
method.
The u se  o f r a d io -a c t iv e  markers has th e  advantage o f ea sy  and ra p id  
e s t im a t io n , R ose-b en ga l la b e l l e d  w ith  1311 has b een  used  as a marker 
but appears to  be absorbed by th e  sm a ll i n t e s t in e  in  th e  r a t  (Maddrey, 
S ereb ro , Marcus e t  a l ,  1 9 6 7 ). 1 3 1 1 -p o ly v ir iy l p y r r o lid in e  (PVP) b in d s  
to  i n t e s t i n a l  mucus (S c h e d l and C l i f t o n ,  1 9 6 2 ), I 4C—in u l in  has a ls o  
been  t r i e d ,  bu t I 4C — PEG may be th e  most s u c c e s s f u l  r a d io -a c t iv e  
marker y e t  a v a i la b le .  T h is r e fe r e n c e  su b stan ce  was n ot a v a i la b le  f o r
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u se  a t th e  b e g in n in g  o f  th e  s tu d ie s , c u r r e n t ly  r e p o r te d  R a d io -a c tiv e  
chromium compounds have been  su g g e ste d  as p o s s ib le  in e r t  markers in  
th e  p a s t ,  a lth o u g h  i n t e s t i n a l  a b so r p tio n  o f t r a c e  q u a n t i t ie s  o f chromium 
may occur (D onaldson  and B a rrera s , 1 9 6 6 ). W ith th e  u se  o f  51CrCl^ as an 
in e r t  w a te r -s o lu b le  m arker, th e r e  may a ls o  be l o s s  due to  a d so r p tio n  
o f  chromium, and f o r  t h i s  rea so n  an a l t e r n a t iv e  chromium is o to p e  
e th y len ed ia m in e  t e t a - a c e t a t e  ( eDTA) la b e l l e d  w ith  51Gr — has been  
su g g e s te d  as a w a te r -s o lu b le  r e fe r e n c e  su b stan ce  (Lokken and Sognen, 1 9 6 7 ). 
Need f o r  new w a te r -s o lu b le  non -ab sorb ab le  m arkers
There i s  a requirem ent f o r  new s a t i s f a c t o r y  marker su b sta n c es  f o r  
p e r fu s io n  s t u d ie s .  Two markers may be used  in  p e r fu s io n  s tu d ie s  so th a t  
c o n fir m a tio n  o f r e s u l t s  by o b ta in in g  c o n s is t e n t  f ig u r e s  worked out 
u s in g  b oth  m arkers can be o b ta in ed . In  a d d it io n , marker su b sta n c es  
may a ls o  be u sed  in  th e  stu d y  o f i n t e s t i n a l  f lo w  u s in g  b o lu s  p r o p u ls io n , 
and i f  t h i s  tech n iq u e  i s  u sed  in  c o n ju n c tio n  w ith  a b so r p tio n  s tu d ie s  
u s in g  a p e r fu s io n  te c h n iq u e , two or more markers may r e q u ir e  to  be 
u t i l i s e d  s im u lta n e o u s ly . I t  i s  th e r e fo r e  o f v a lu e  to  have a s e l e c t i o n  
o f in e r t  w a te r -s o lu b le  m arkers o f  d i f f e r e n t  ty p e s  w hich  can  be u sed  
s im u lta n e o u s ly  in  p e r fu s io n  s t u d ie s .
In  a d d it io n , th e  d i f f i c u l t y  o f  measurement o f some o f th e  m arkers 
s ta n d a rd ly  u sed  such  a s  p o ly e th y le n e  g ly c o l ,  b ro m su lp h th a le in  and 
in d ocyan in e  g reen , makes i t  d e s ir a b le  f o r  new ty p e s  o f markers to  be made 
a v a i la b le .  The com b in ation  o f  a c h e m ic a lly  and r a d io a c t iv e ly  measured  
marker may be s a t i s f a c t o i y  in  p e r fu s io n  s t u d ie s .
Whereas developm ent and a p p l ic a t io n  o f sm a ll i n t e s t i n a l  p e r fu s io n  
s tu d ie s  in  s tu d y in g  i n t e s t i n a l  a b so r p tio n  in  man depends upon th e  u se  
o f s a t i s f a c t o i y  w a te r -s o lu b le  m arkers, th e  p e r fu s io n  tech n iq u e  in  
i t s e l f  can be u sed  to  a s s e s s  th e  e f f i c a c y  o f new m arkers by comparing
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th e  a b so r p tio n  o f  w ater  and e le c t r o l y t e s  c a lc u la te d  u s in g  stan dard  
markers w ith  th o se  u s in g  th e  compound under in v e s t ig a t io n .
AIMS OF STUDY
The aim o f t h i s  in v e s t ig a t io n  was th e r e fo r e  to  a s s e s s  th e  e f f e c t i v e ­
n e ss  of two new w a te r -s o lu b le  marker s u b s ta n c e s , 510r-ch rom ic  c h lo r id e  
(51CrCl^) and 5 1 0 r -e th y len ed ia m in e  t e t r a - a c e t a t e  (51Gr EDTA), a s non­
ab sorb ab le  w a te r -s o lu b le  r e fe r e n c e  su b sta n ces  in  sm all in t e s t in e  
p e r fu s io n  system s in  man.
SUBJECTS AND METHODS 
S u b je c ts
Each o f  th e  chromium m arkers was compared in  a s e r i e s  o f  v o lu n te e r  
s u b je c t s  w ith  a known s a t i s f a c t o i y  marker P S P (P h en o lsu lp h on p h th a le in )  
u s in g  a je ju n a l  p e r fu s io n  sy stem . In  sev en  v o lu n te e r  s u b je c t s  51CrCl^ 
was u sed  a s  a w a te r -s o lu b le  marker to g e th e r  w ith  PSP, and in  a f u r th e r  
8 v o lu n te e r s  51Cr EDTA was u sed  to g e th e r  w ith  PSP.
Methods
A tr ip le - lu m e n  tube p e r fu s io n  system  was u sed  (a s  shown in  F igu re
4 . 4 ) ,  T h is in c o rp o ra te d  a m ixing  segment o f I 5 cm and a t e s t  segment 
o f 30 cm. The p e r fu s a te  c o n s is t e d  o f  an i s o t o n ic  g lu c o se —s a l in e  
m ixture w ith  a g lu c o se  c o n c e n tr a t io n  o f 56 mM. The in fu s io n  r a te  was 
20 ml p er  m inu te. An e q u i l ib r a t io n  p e r io d  o f 45—60 m inu tes was u sed , 
f o l lo w in g  w hich c o l l e c t i o n s  11-12  te n  m inute c o l l e c t i o n s  were made.
The p e r fu s a te  co n ta in e d  a sm all amount o f  th e  a p p ro p r ia te  chromium 
marker s u f f i c i e n t  to  g iv e  adequate cou n ts on a s c i n t i l l a t i o n  cou n ter  
( th e  dose b e in g  ap p rox im ately  100 / i c ) ,  and PSP in  a c o n c e n tr a t io n  o f  
5 g / l  (S c h e d l, 1966) .  The p e r fu s io n  was s ta r t e d  on ly  when accu ra te  
p o s i t io n in g  o f  th e  tube in  th e  proxim al jejunum was a c h iev e d  r a d io lo g ic a l ly ,  
so th a t  th e  in fu s io n  p o in t  was s i t e d  im m ediately  d i s t a l  to  th e  duodeno—
31
jejunal flexure. I 50 mg/l o f  stable ohromiG chloride was added as a 
carrier.
On each  10 m inute sample c o l l e c t e d ,  th e  c o n c e n tr a t io n  o f sodium  
and c h lo r id e  was e s t im a te d , chromium counts m easured by s c i n t i l l a t i o n  
c o u n tin g , PSP e s tim a te d  by sp ectrop h otom etry  a t  58O nm in  a lk a lin e  
s o lu t io n .  In  each  s tu d y , care  was tak en  to  e l im in a te  r a d io - a c t iv i t y  
from th e  t e s t  tu b es  u sed . Standards were tak en  b e fo r e  and a f t e r  each  
p e r fu s io n  study, and th e  mean o f  4 stan d ard s ta k en . C a lc u la t io n  o f  
a b so r p tio n  o f w a ter , sodium and c h lo r id e  was th en  made u s in g  two s e t s  
o f d a ta  from each  s u b je c t ,  one u s in g  th e  chromium f ig u r e s  ( e i t h e r  from  
51CrCl^ or from 51Cr EDTA) and one from th e  PSP f ig u r e s .  B lood and 
u r in e  sam ples were tak en  from  th e  v o lu n te e r  s u b je c t s  one hour a f t e r  
th e  s tu d y , so th a t  an e s t im a te  o f th e  a b so r p tio n  o f  chromium cou ld  be 
made.
C a lc u la t io n  o f a b so r p tio n  w ith in  th e  t e s t  segm ent was c a r r ie d  out 
u s in g  th e  stan d ard  form ula  f o r  a t r ip le - lu m e n  tube system , as shown in  
T able 4»2 .
RESULTS
As th e  r e s u l t s  o b ta in ed  from th e  a b so r p tio n  o f  sodium and c h lo r id e  
are dependent on th e  f ig u r e s  f o r  w ater a b so r p tio n , s t a t i s t i c a l  a n a ly s is  
in  t h i s  stu dy has been  perform ed on th e  w ater  a b so r p tio n  f ig u r e s  a lo n e ,  
and th e  r e s u l t s  f o r  a b so r p tio n  o f  w ater  a lon e  are p r e se n te d . S im ila r  r e s u l t s  
r e la t in g  to  th e  chromium markers were o b ta in ed  when sodium and c h lo r id e  
a b so r p tio n  was c a lc u la te d .
The r e s u l t s  o f mean w ater  a b so r p tio n  in  th e  7 s tu d ie s  c o n ta in in g  
51CrC13 and PSP as  w a te r -s o lu b le  markers are shown in  T able 5*1, The 
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f ig u r e  in  each  column r e p r e s e n ts  th e  mean w ater  a b so r p tio n  o b ta in ed  over
11 or 12 te n  m inute c o l l e c t i o n  p e r io d s  a f t e r  th e  e s ta b lish m e n t o f a 
stead y—s t a t e .  The c o r r e la t io n  betw een th e  w ater  a b s o ip t io n  f ig u r e s  
o b ta in ed  u s in g  51CrCl^ and th o se  o b ta in ed  u s in g  PSP was c a lc u la te d  
in  each ca se  and e x p ressed  f o r  each p a t ie n t  as a p v a lu e . In  on ly
one p a t ie n t  ( p a t ie n t  number 7) was a s t a t i s t i c a l l y  s ig n i f i c a n t  c o r r e la t io n  
betw een  w ater  a b so r p tio n  r e s u l t s  o b ta in ed  u s in g  both  o f th e s e  m arkers.
The r e s u l t s  o f w ater  a b so r p tio n  from each o f th e  t e n  m inute c o l l e c t i o n  
p e r io d s  were u sed  f o r  th e  c o r r e la t io n  s t a t i s t i c s .
The r e s u l t s  o b ta in ed  u s in g  51Cr EDTA and PSP a s  w ater  s o lu b le — 
markers in  8 v o lu n te e r  s u b je c t s  are shown in  Table 5*2. A gain  th e  
w ater  a b s o ip t io n  was e x p ressed  by m l/h ou r /30  cm segm ent, and each  f ig u r e  
in  each column r e f e r s  to  th e  mean w ater a b so r p tio n  o b ta in ed  over  11 to
12 c o l l e c t i o n  p e r io d s  in  each v o lu n te e r  s u b je c t .  In  each ca se  a good 
c o r r e la t io n  was found betw een th e  w ater a b so r p tio n  r e s u l t s  o b ta in ed  
u s in g  510r EDTA as a w a te r -s o lu b le  marker compared w ith  PSP.
The t e s t s  o f r a d io - a c t iv i t y  in  b lo o d  and u r in e  showed no s ig n i f i c a n t  
a b so r p tio n  o f 51Cr from e i t h e r  th e  two markers t e s t e d .  Prom th e se  r e s u l t s  
i t  was found th a t  th e  mean r a d io - a c t iv i t y  absorbed from th e  sm a ll in t e s t in e  
d uring  th e  p e r fu s io n  (e x p r e sse d  as a p ercen ta g e  o f  a c t i v i t y  in  the  
in fu s a t e )  was 1 .5 ^  from th e  s tu d ie s  u s in g  51Gr0 1  ^ and 2 ,2 ^  from s tu d ie s  
u s in g  51Gr EDTA.
DISCUSSION
The r e s u l t s  o f t h i s  study in d ic a te  th a t  51Cr EDTA c o r r e la te s  w e l l  
w ith  PSP as a w a te r -s o lu b le  marker in  th e  measurement o f  w ater  a b so r p tio n  
from th e  prox im al jejunum in  v o lu n te e r  s u b j e c t s .  A poor c o r r e la t io n  was 
found betw een  510rCl^ and PSP. I t  would appear from  t h i s  stu d y  th a t  
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su b sta n ce  f o r  p e r fu s io n  s tu d ie s  in  man.
No s ig n i f i c a n t  a b so r p tio n  o f  51Cr occurred  from e i t h e r  compound 
du rin g  th e  s t u d ie s .
The u se  o f  51Gr EDTA r e p r e se n ts  th e  in c o r p o r a t io n  o f  th e  a n a ly t ic a l  
ad vantages o f th e  51Gr is o to p e  in  a w a te r -s o lu b le ,  h ig h ly  s ta b le  c h e la te d  
compound. 51Cr EDTA was f i r s t  u sed  as a chromium marker f o r  a b so r p tio n  
s tu d ie s  in  sh eep . In  t h i s  in v e s t ig a t io n  51Cr EDTA was compared as a 
r e fe r e n c e  su b sta n ce  w ith  p o ly e th y le n e  g ly c o l  ( pEG) (Downes and MacDonald,
1964)* 85^  to  91^ o f th e  dose o f 51Gr EDTA was r eco v ered  in  th e  f a e c e s
in  th e  f i r s t  10 d a y s, a f t e r  w hich tim e sm a ll amounts o f ^lOv  were s t i l l  
b e in g  e x c r e te d . That stu d y  conclu ded  th a t  '^lOr EDTA i s  s a t i s f a c t o i y  as  
a r e fe r e n c e  su b sta n c e , and th a t  i t  appeared ’move’ to g e th e r  w ith  PEG. 
Lokken and Sognen, ( 1967) found th a t  5^ o f  th e  a c t i v i t y  o f 51Cr was 
absorbed in  r a t s  d u rin g  in fu s io n  o f  th e  sm a ll i n t e s t in e  ’ in  s i t u * ,  and 
th e  b eh av iou r o f ^IG t  EDTA was comparable to  th a t  o f  PSP. These w orkers  
conclu ded  th a t  in  s p i t e  o f  a sm a ll but c o n s is t e n t  a b s o ip t io n , 51Cr EDTA 
appeared to  be p r e fe r a b le  to  PSP as a marker b ecau se  of i t s  " a n a ly t ic a l  
advantages and pharmacodynamic in e r t n e s s ,"  The r e s u l t s  o f th e  p r e se n t  
stu d y  confirm  th e  advantages o f 51Gr EDTA as a n on -ab sorb ab le  w a te r -  
s o lu b le  r e fe r e n c e  su b sta n ce  in  p e r fu s io n  s tu d ie s  in  man.
51Cr EDTA has been  w id e ly  u sed  in  th e  measurement o f g lom eru lar  
f i l t r a t i o n  r a te  ( S ta c e y , and Thorburn, 1966; G a rn ett, P arson s and V e a l l ,  
1967; H eath, Knapp and W alker, 1 9 6 8 ), The compound h as been  shown to  
have no t o x ic  e f f e c t s  and i s  c h e m ic a lly  in e r t .  I t  i s  u n l ik e ly  th a t  
exchange r e a c t io n s  occur w ith  o th e r  m eta l io n s  (Joh n son  and Seven , 1960) .  
I t  has no c h e la t in g  a c t io n . The dose o f chromium in  ^ lO v  EDTA i s  
s l i g h t l y  more th an  th a t  g iv e n  when 51GrGl^ i s  u sed  as a w a te r -s o lu b le  
m arker, but w ith  th e  l a t t e r  is o to p e  an a d d it io n a l  amount of s ta b le
34
chrom ic c h lo r id e  i s  r e q u ired  as a c a r r ie r .  I t  would appear from th e  
r e s u l t s  th a t  a s ig n i f i c a n t  l o s s  o f chromium from th e  occu rs
in  th e  jejunum . As a b so r p tio n  o f chromium does n ot appear to  be an 
im portant f a c t o r ,  even  from th e  51CrCl^, a d so r p tio n  t o  mucus or to  th e  
sm a ll i n t e s t i n a l  mucosa may be o ccu rr in g  w ith  t h i s  i s o t o p e .  The d egree  
o f l o s s  o f chromium from 51CrGl^ appears to  be s i g n i f i c a n t l y  la r g e ,  and 
occu rs w ith  such r e g u la r i ty  th a t  t h i s  compound cannot be u sed  a s  a 
s a t i s f a c t o i y  w a te r -s o lu b le  m arker. On th e  o th e r  hand ^IG t  EDTA appears  
to  be a r e l i a b le  marker, g iv in g  r e s u l t s  which c o r r e la te  s i g n i f i c a n t l y  w e l l  
w ith  a b s o ip t io n  f ig u r e s  c a lc u la te d  from PSP, 51Cr EDTA th u s appears to  
be a s a f e ,  s t a b le  and c h e m ic a lly  in e r t  marker su b sta n ce  s u i t a b le  as a 
n on -ab sorb ab le  w a te r -s o lu b le  compound in  m easuring w ater  a b so r p tio n  
in  th e  i n t e s t i n a l  s tu d ie s  in  mam 
SUMMARY
A com parison of 51GrGl^* and 51Gr EDTA as n on -ab sorb ab le  w a te r -s o lu b le  
g a s t r o - in t e s t i n a l  m arkers has been  made by com paring each  w ith  PSP as  
a marker f o r  w ater  a b so r p tio n  in  je ju n a l  p e r fu s io n  s t u d ie s  u s in g  a 
t r i p l e —lumen tube system .
The r e s u l t s  show th a t  f ig u r e s  f o r  w ater  a b so r p tio n  o b ta in ed  u s in g  
51GrEDTA c o r r e la te  w e l l  w ith  th o se  u s in g  PSP, and a p oor c o r r e la t io n  
was found betw een  th e  w ater  a b so r p tio n  c a lc u la te d  from 51CrGl^ compared 
w ith  th a t  c a lc u la t e d  u s in g  PSP.
51Gr EDTA thus appears to  be a s a t i s f a c t o r y  n on -ab sorb ab le  w a te r -  
s o lu b le  r e fe r e n c e  su b sta n ce  f o r  i n t e s t i n a l  p e r fu s io n  s tu d ie s  in  man.
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The c o m p o sitio n  o f  th e  p e r fu s a te  in  sm a ll i n t e s t i n a l  p e r fu s io n  s tu d ie s  
i s  o f g r e a t  im portance. D if f e r e n t  p e r fu s a te s  may he u sed  to  in v e s t ig a t e  
p a r t ic u la r  fu n c t io n s  o f i n t e s t i n a l  a b s o ip t io n  in  d i f f e r e n t  a b so r p tio n  
s i t e s  such as jejunum and ileu m . I t  i s  im portant in  each  sm a ll i n t e s t i n a l  
p e r fu s io n  in v e s t ig a t io n  th a t  th e  co m p o sitio n  o f  th e  p e r fu s a te  i s  s e le c t e d  
to  a llo w  op tim a l c o n d it io n s  to  e x i s t  such as to  p r o v id e  an adequate answer 
t o  th e  q u e s t io n s  b e in g  p o sed . I t  i s  a ls o  im portant th a t  th e  p e r fu s a te  
be iso -o s m o la r . H yp erton ic  or h yp o to n ic  s o lu t io n s  m arkedly a l t e r  the  
b a la n ce  o f  i n t e s t i n a l  a b so r p tio n  and s e c r e t io n  in  th e  jejunum, and p rev en t  
a cc u r a te  d a ta  from  b e in g  o b ta in e d . During a b so r p tio n  or s e c r e t io n  when 
iso -o s m o la r  s o lu t io n s  are u sed , th e  in tr a lu m in a l f l u i d  rem ains a t th e  
same osm otic  p r e s su r e  a s  p lasm a, th u s s u g g e s t in g  th a t  th e  f l u i d  absorbed  
or s e c r e te d  has th e  same osm otic  p r e ssu r e  (S la d en  and Dawson, 1 9 6 9 a ). The 
o s m o la lity  o f  th e  p e r fu s in g  s o lu t io n  i s  th u s v e iy  im p ortan t.
The r e la t io n s h ip  o f  g lu c o s e  to  th e  a b so r p tio n  o f  w a ter , sodium and 
c h lo r id e  i s  a l s o  an im portant f a c t o r .  The p r e sen ce  o f  sodium i s  im portant 
f o r  th e  a c t iv e  a b so r p tio n  o f g lu c o se  ( R ik l i s  and Q u a ste l, 1958; Crane, 1965; 
O lsen  and I n g e l f in g e r ,  1 9 6 8 ). C o n v erse ly , i t  has a l s o  b een  shown th a t  th e  
p r e sen ce  o f  g lu c o se  w ith in  th e  je ju n a l  lumen s t im u la te s  th e  a b so r p tio n  of  
sodium . T h is has been  dem onstrated  by in  v i t r o  s t u d ie s  ( S c h u ltz  and Z a lu s k i,  
1964; B arry , Smyth and W right, I 965 ) ,  anim al s tu d ie s  ( F u l le r to n  and P a rso n s, 
1 966; L iv in so n  and S ch e d l, I 9 6 6 ; Summers and S c h e d l, I 9 6 8 ; S c h u ltz  and 
Curran, 1 9 7 0 ), and in  man (M alawer, Ewton, F ord tran  e t  a l ,  1965; F ord tran , 
R ecto r  and C a rter , 1964; S lad en  and Dawson, 1969; M o d ig lia n i and B e r n ie r , 
1971) ,  The a b so r p tio n  o f  w ater  i s ,  l ik e  th a t  o f sodium , s t im u la te d  by 
g lu c o se  ( S la d en  and Dawson, 1 9 6 9 ),
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I t  w ould appear from th e s e  s tu d ie s  th a t  g lu c o se  i s  n e c e ssa r y  in  
th e  je ju n a l  lumen f o r  a c t iv e  tr a n sp o r t  o f sodium to  o ccu r , and fo l lo w in g  
t h i s ,  a b s o ip t io n  o f w a ter . The optim al c o n c e n tr a t io n  o f  g lu c o se  in  th e  
p e r fu s a te  s u i t a b le  f o r  je ju n a l  s tu d ie s  req u ired  to  be s tu d ie d  p r io r  to  
th e  f u l l  a p p l ic a t io n s  o f  th e  te c h n iq u e ,
AIMS OF STUDY
The aim o f  th e  p r e se n t  stu d y  was th u s to  in v e s t ig a t e  th e  n e c e s s i t y  
f o r  g lu c o se  in  th e  p e r fu sa te  f o r  je ju n a l  p e r fu s io n  s t u d ie s ,  and th e  op tim al 
c o n c e n tr a t io n  w hich le a d s  to  adequate a b s o ip t io n  o f  sodium and w ater  from  
th e  jejunum.
SUBJECTS AND METHODS 
S u b je c ts
J e ju n a l p e r fu s io n  o f  th e  s o lu t io n s  s tu d ie d  was perform ed in  10 normal 
v o lu n te e r  s u b j e c t s .  There was no ev id en ce  o f any g a s t r o - in t e s t i n a l  d is e a s e  
in  any o f th e se  v o lu n te e r s .
Methods
A tr ip le - lu m e n  tube p e r fu s io n  system  was u sed  (F ig u re  4 , 4 ) The tube  
in c o rp o ra te d  a m ix in g  segm ent o f I 5 cm and a t e s t  segm ent o f 30 cm. 
C om position  o f  p e r fu s in g  s o lu t io n s
F iv e  d i f f e r e n t  p e r fu s in g  s o lu t io n s  were u sed  in  t h i s  in v e s t ig a t io n .  
These were as f o l lo w s :
A. I s o t o n ic  s a l i n e ,
B. G lucose s a l in e  w ith  a g lu c o se  c o n c e n tr a t io n  o f  28 mM
C. G lucose s a l in e  w ith  a g lu c o se  c o n c e n tr a t io n  o f  56 mM
D. G lu cose  s a l in e  w ith  a g lu c o se  c o n c e n tr a t io n  of 112 mM
E. G lucose s a l in e  w ith  a g lu c o se  c o n c e n tr a t io n  o f  224 MM
A l l  th e  s o lu t io n s  u sed  were is o -o s m o t ic  (300  r a i l l i o s m o l s / l ) ,
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P h en o lsu lp h o n p h th a le in  (PSP) in  a c o n c e n tr a t io n  o f 5 g / l  and 
51Gr EDTA were u sed  a s  w a te n -s o lu h le , nonr-ahsorhahle markers in  each  
of th e  s t u d ie s .
E xp erim en ta l P rocedure and a n a ly t i c a l  methods
The s u b je c t s  f a s t e d  o v ern ig h t and th e  p e r fu s io n  tube was p a ssed  
by mouth on th e  fo l lo w in g  m orning. The tube p o s i t i o n  was checked ra d io ­
l o g i c a l l y  and p e r fu s io n  s ta r t e d  when th e  in fu s io n  p o in t  was s i t e d  d i s t a l  
to  th e  duodeno—j e ju n a l ju n c tio n . The p e r fu sa te  was p a sse d  through a 
w ater  bath  a t a c o n sta n t tem perature o f 37°C, and in tro d u ced  in to  th e  
jejunum a t a c o n sta n t f lo w  r a te  o f 20 ml p er  m in u te . I n fu s io n  and 
c o l l e c t i o n  was perform ed u s in g  two Watson-Mar1 ow c o n sta n t  f lo w —in d u cer  
pumps, one o f w hich was f i t t e d  w ith  a 10 channel D e lta  pump attach m en t.
A f te r  th e  s t a r t  o f  in fu s io n , an e q u i l ib r a t io n  p e r io d  of 4 5 -6 0  m inutes  
was a llo w ed  in  each  stu d y  so  th a t  a stead y—s t a t e  cou ld  be e s t a b l i s h e d .
In  each p a t ie n t  s e v e r a l  o f  th e  s o lu t io n s  d e sc r ib e d  above were in tro d u ced  
in  s u c c e s s io n , tim e b e in g  a llo w ed  f o r  e q u i l ib r a t io n  a f t e r  each s o lu t io n  
was changed. A f te r  th e  e s ta b lish m e n t o f a s tea d y —s t a t e  4 -6  te n  m inute  
c o l l e c t i o n s  were made in  each  s u b je c t .
W ater a b so r p tio n  was determ in ed  by th e  change in  c o n c e n tr a t io n  of  
b oth  markers in  th e  t e s t  segm ent, PSP was a n a ly sed  by sp ectrop h otom etry , 
and 5IGr EDTA by an au tom atic  gamma co u n tin g  system . The c o n c e n tr a t io n  of  
sodium was m easured in  each  c o l l e c t i o n .
The method u sed  to  c a lc u la t e  a b s o ip t io n  was th a t  d e sc r ib e d  in  th e  
form ula  f o r  th e  t r ip le - lu m e n  p e r fu s io n  te c h n iq u e . (T ab le  4 * 2 ) .
RESULTS
Ten s tu d ie s  were perform ed u s in g  i s o t o n ic  s a l in e  a lo n e , e ig h t  w ith  
g lu e  o s e - s a l in e  w ith  a g lu c o se  c o n c e n tr a t io n  of 28 mM, t e n  a t 56 mM, s i x  
a t 112 mM and s i x  s tu d ie s  a t  a g lu c o se  c o n c e n tr a t io n  o f  224 mM,
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The a b so r p tio n  o f sodium i s  ex p ressed  a s  m,mo1/h o u r /3 0  om segment 
and th e  a b s o ip t io n  o f w ater as m l/h ou r /30  om segm ent.
The mean sodium a b s o ip t io n  f ig u r e s  (+  SEM) from th e  v a r io u s  s o lu t io n s  
s tu d ie d  i s  shown in  Table 6 .1 ,  Very l i t t l e  a b so r p tio n  o f sodium was 
found to  occu r from is o t o n ic  s a l in e  a lo n e , ( 5 .6  + 2 ,7  m ,m ol/h ou r). The 
a b so r p tio n  o f sodium from g lu c o se —s a l in e  28mM ( 1 4 .6  + 3*0 m ,m ol/hour) and 
from g lu c o se  s a l in e  56 mM ( 2 3 .4  + 3 .2  m ,m ol/hour) was s t a t i s t i c a l l y  
s ig n i f i c a n t l y  g r e a te r  than  th e  a b so r p tio n  o f  sodium from  i s o t o n ic  s a l in e  
s o lu t io n  a lo n e  ( p < 0 .0 5  r e s p e c t iv e ly ) .  The a b so r p tio n  o f sodium from  
g lu c o se  s a l in e  112 mM was 4*4 + 2 ,5  m ,m ol/hour. T h is was s t a t i s t i c a l l y  
s ig n i f i c a n t l y  l e s s  than  from th e  s o lu t io n s  c o n ta in in g  28 mM and 56 mM 
(p 4 .0 ,0 5  r e s p e c t iv e l y ) .  When g lu c o se  in  a c o n c e n tr a t io n  o f  224 mM was 
p e r fu se d  in to  th e  jejunum a n e t sodium s e c r e t io n  was found to  occur in  
th e  s u b je c t s  s tu d ie d  ( - 1 6 .3  + 4 * 2  m .m ol/h ou r),
The mean w ater a b s o ip t io n  from is o t o n ic  s a l in e  and th e  g lu c o s e -  
s a l in e  s o lu t io n s  i s  shown in  6 .2 ,  V eiy  l i t t l e  w ater  was absorbed from  
i s o t o n ic  s a l in e  s o lu t io n  a lo n e  (2 7  + 16 m l/h o u r ). From g lu c o se —s a l in e  
s o lu t io n s  c o n ta in in g  28 mM a mean w ater  a b s o ip t io n c f  I 3I  + 25 m l/hour  
was o b ta in e d , s t a t i s t i c a l l y  s ig n i f i c a n t l y  g r e a te r  th an  from is o t o n ic  
s a l in e  a lo n e  ( p < 0 , 0 5 ) ,  When g lu c o se —s a l in e  in  a c o n c e n tr a t io n  o f  56 mM 
was p e r fu se d , how ever, a f u r th e r  la r g e  in c r e a s e  in  w ater  a b s o ip t io n  was 
ob served , th e  mean l e v e l  b e in g  263 + 40 m l/h ou r . T h is was s t a t i s t i c a l l y  
s i g n i f i c a n t l y  g r e a te r  th an  th e  w ater  a b s o ip t io n  from  i s o t o n ic  s a l in e  
a lo n e  (p < C 0 .0 0 l)  and from  g lu c o se —s a l in e  w ith  a g lu c o s e  c o n c e n tr a t io n  o f  
28 mM ( p < 0 ,0 5 ) ,  A f a l l i n g - o f f  o f  w ater  a b so r p tio n  was observed  when 
g lu c o s e - s a l in e  was p e r fu se d  w ith  a g lu c o se  c o n c e n tr a t io n  224 mM, th e  mean 
l e v e l  in  th e  group b e in g  83 + 49 m l/h ou r . T h is f ig u r e  was s i g n i f i c a n t l y
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l e s s  than  th a t  found w ith  g lu c o se —s a l i  ne so lu t  io n s  w ith  c o n c e n tr a t io n s  o f  
28 inM, 56 niM, 112 mM, hut not s ig n i f i c a n t l y  d i f f e r e n t  from th e  w ater  
a b so r p tio n  w hich occu rred  from  th e  i s o t o n ic  s a l in e  s o lu t io n  a lo n e .  
DISCUSSIQ]!J
The r e s u l t s  o f  t h i s  stu d y  confirm  th e  im portance o f  g lu c o se  in  th e  
a b so r p tio n  o f  sodium and w ater from th e  upper jejunum in  man. The s e l ­
e c t io n  o f c o n c e n tr a t io n s  o f g lu c o se  in  th e  v a r io u s  g lu c o se —s a l in e  s o lu t io n s  
was to  some e x te n t  a r b itr a r y  in  t h i s  s tu d y , hut th e  r e s u l t s  show a rap id  
r i s e  in  sodium a b so r p tio n  when g lu c o se  i s  in tro d u ced  in to  th e  p e r fu s a t e .
No in fo r m a tio n  i s  a v a i la b le  from t h i s  stu d y  a s  to  th e  m inim al c o n c e n tr a t io n  
of g lu c o se  n e c e ssa r y  to  p ro v id e  adequate a b so r p tio n  o f  sodium . Some 
sodium a b so r p tio n  does appear to  occur from i s o t o n ic  s a l in e  but w ith  
c o n c e n tr a t io n s  of, 28 and 58 mM s t a t i s t i c a l l y  s i g n i f i c a n t  in c r e a s e s  in  th e  
a b so r p tio n  o f  sodium were ob served . The r e s u l t s  confirm  th e  f ig u r e s  
o b ta in ed  by S lad en  and Dawson ( 1969a)» but u s in g  a t r i p l e —lumen tube  
sy stem . A more graded resp o n se  o f sodium a b so r p tio n  ( th a n  by S lad en  
and Dawson) to  in c r e a s in g  c o n c e n tr a t io n s  o f g lu c o s e  was found in  t h i s  study  
and by M o d ig lia n i and B e r n ie r  ( l 9 7 l )  u s in g  a p e r fu s io n  tech n iq u e  w ith  
proxim al o c c lu d in g  b a llo o n . A graded resp on se  to  th e  in tr o d u c t io n  o f  
g lu c o se  was a ls o  ob served  w ith  th e  w ater  a b so r p tio n  f ig u r e s .
A f a l l - o f f  o f a b so r p tio n  o f  b o th  w ater and sodium was ob served  w ith  
h ig h  c o n c e n tr a t io n s  o f  g lu c o se  and in  th e  c a se  o f sodium , n e t  s e c r e t io n  
was ob served  when g lu c o se —s a l in e  w ith  a g lu c o se  c o n c e n tr a t io n  o f 224 mM was 
in tro d u ced  in to  th e  jejunum.
The r e s u l t s  of t h i s  stu d y  show th a t  g lu c o se  does s t im u la te  a b so r p tio n  
of sodium and w a ter . A c t iv e  tr a n sp o r t  o f g lu c o se  i s  prob ab ly  im portant 
in  t h i s  s t im u la t io n . R ed u ction  in  th e  a b so r p tio n  o f w ater  and sodium
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w ith  h ig h  c o n c e n tr a t io n s  o f g lu c o se  confirm s th e  p r e v io u s  o b se r v a tio n  
o f H oldsw orth and Dawson, ( 1964) a lth ou gh  th e  mechanisms o f  t h i s  i s  not 
y e t  f u l l y  u n d ersto o d . The c lo s e  a s s o c ia t io n  betw een  w a ter  and s o lu te  
a b so r p tio n  has b een  n oted  f o r  many y e a r s ,  i n i t i a l l y  w ith  in  v iv o  anim al 
p r e p a r a tio n s  ( Curran and Solomon, 195?) and i s  p rob ab ly  th e  g e n e r a l r u le  
in  a b so r p tio n  from i s o t o n ic  s o lu t io n s  (P ord tran  and D ie ts c h y , I 966 ) .  
G lucose may s t im u la te  th e  a b s o ip t io n  o f sodium i n i t i a l l y ,  and w ater  ab­
s o r p t io n  prob ab ly  f o l lo w s  p a s s iv e ly  w ith  th e  developm ent o f l o c a l  o sm otic  
g r a d ie n ts .
O ther f a c t o r s  o th e r  th an  g lu c o s e  may s t im u la te  th e  a b so r p tio n  o f  
sodium in  th e  jejunum. T h is may occur w ith  amino a c id s  (A d ib i, 1970) and 
b ic a rb o n a te  io n s  in  th e  p e r fu s a te  a ls o  s t im u la te  th e  a b so r p tio n  o f sodium  
(B lad en  and Dawson, 1968b; K lo tz  and S ch lo erb , 1971)*  
sumRY
The im portance o f  g lu c o se  in  th e  a b so r p tio n  o f sodium and w ater  
from  th e  jejunum has been  s tu d ie d  u s in g  a tr ip le - lu m e n  tube p e r fu s io n  
tech n iq u e  in  man. L i t t l e  or no a b so r p tio n  o f w ater  oh sodium was 
ob served  w ith  i s o t o n ic  s a l i n e .  W ith in c r e a s in g  c o n c e n tr a t io n s  o f  
g lu c o se  in  g lu e o s e - s a l in e  s o lu t io n s  up to  56 mM, in c r e a s in g  a b so r p tio n  of  
w ater  and sodium was fou n d . W ith h ig h  c o n c e n tr a t io n s  o f  g lu c o se  (2 2 4  mM) 
a marked r e d u c tio n  o f  w ater  and sodium a b so r p tio n  occu rred  and n e t  
s e c r e t io n  o f sodium occu rred  in  th e  jejunum.
Prom t h e s e  r e s u l t s  a c o n c e n tr a t io n  o f g lu c o s e  o f  56 mM in  g lu c o s e -  
s a l in e  s o lu t io n s  has b een  ta k en  as b e in g  th e  b e s t  b a s ic  p e r fu s a te  f o r  th e  
j e ju n a l  p e r fu s io n  s tu d ie s  su b seq u en tly  to  be d e s c r ib e d .
CHAPTER 7
PERFUSION PLOW RATE : THE EFFECT 




The r a te  o f  in tr o d u c t io n  o f th e  p e r fu s a te  in to  th e  sm a ll i n t e s t in e  
i s  p a r t ic u la r ly  im portant in  th e  tech n iq u e  o f sm a ll i n t e s t i n a l  p e r fu s io n .
A w ide range o f in fu s io n  r a te s  has been  u sed  in  th e  p a s t  (8 -3 0  m l/m in , ) 
and th e  s e l e c t i o n  o f th e  p e r fu s io n  f lo w  r a te  h as b een  la r g e ly  a r b i t r a iy .
A lthough  th e  f a s t e r  in fu s io n  r a te s  have b een  c r i t i c i s e d  as b e in g  
u n p h y s io lo g ic a l ,  segm ental p e r fu s io n  a t  r a te s  g r e a te r  th an  Yml/minute 
i s  v ery  u n l ik e ly  to  a llo w  th e  e s ta b lish m e n t o f p h y s io lo g ic a l  c o n d it io n s  
in  th e  i n t e s t in e  ( S o e r g e l ,  1 9 7 l)*  The in t e s t in e  i s  d is te n d e d  a t f a s t  
f lo w  r a te s  and w ide v a r ia t io n s  in  f lo w  v e lo c i t y  are l i k e l y  to  f o l lo w .  
In crea sed  f lo w  r a te  through th e  lumen in c r e a s e s  s t i r r i n g  a t th e  m ucosal 
su r fa c e  and d e c r e a se s  th e  th ic k n e s s  o f  u n s t ir r e d  w a ter  la y e r s  on th e  
mucosa (L ew is and P ord tran , 1975)» The f lo w  r a te  o f normal i n t e s t i n a l  
c o n te n ts  a f t e r  a m eal i s  n o t p r e c is e ly  known. E s t im a te s  range from  
5 m l/m inute to  10 m l/m inute in  th e  prox im al jejunum ( S la d en  1 9 6 8 ).
The l iq u id  f lo w  r a te  e n te r in g  th e  jejunum a f t e r  th e  in g e s t io n  of 50 ë  
o f g lu c o se  in  250 ml o f  w ater h as b een  e s tim a te d  a t  7 m l/m inute (B e r n ie r  
and Lebart 1971)* A f te r  a s o l i d  m eal, 750 ml o f  f l u i d  may e n te r  th e  
proxim al jejunum d u rin g  th e  two hours f o l lo w in g  in g e s t io n  o f th e  m eal 
(P ord tran  and L o ck lea r , 1 9 6 6 ). However, S o e r g e l and H erbert ( l9 7 0 )  found  
on ly  a s l i g h t  in c r e a s e  in  f lo w  r a te  over f a s t i n g  v a lu e s  in  th e  m id-part  
of th e  jejunum fo l lo w in g  a m eal. The in f lu e n c e  o f f lo w  r a te  in  th e  
jejunum on i n t e s t i n a l  a b so r p tio n  r a is e s  a number o f o th e r  im portant 
f a c t o r s  w hich w i l l  be d is c u s s e d  l a t e r .  I t  may th u s be c o n s id er e d  th a t  
p h y s io lo g ic a l  i n t e s t i n a l  f lo w  r a te  i s  about 5 m l/m in u te , and w ith  p e r fu s io n  
r a te s  f a s t e r  th an  t h i s ,  th e  i n t e s t i n a l  lumen may be d is te n d e d  and th a t  
f lu c t u a t io n s  in  f lo w  r a te  may occur w ith o u t any change in  f lo w  v e l o c i t y .  
Many o f  th e  t h e o r e t ic a l  o b je c t io n s  t o  f a s t  in fu s io n  r a te s  in  sm a ll
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i n t e s t i n a l  s tu d ie s  are v a l id  i f  one i s  a ttem p tin g  to  u se  th e  tech n iq u e  
to  a c c u r a te ly  m easure i n t e s t i n a l  a b so r p tio n  v a lu e s .  However, th e  
tech n iq u e  i s  l im it e d  in  t h i s  r e sp e c t  in  any c a s e ,  a s  a tr u e  s te a d y -  
s t a t e  system  i s  u n l ik e ly  e v er  to  be a c h iev e d , and c e r t a in ly  not in  a  
t r u ly  p h y s io lo g ic a l  way u s in g  th e  sm a ll i n t e s t i n a l  p e r fu s io n  te c h n iq u e . 
Knowing th e  l im it a t io n s  o f  th e  te c h n iq u e , how ever, and u s in g  i t  w ith in  
i t s  l im i t a t io n s ,  th e  system  i s  a c c e p ta b le  and th e  p e r fu s io n  f lo w  r a te ,  
a lth ou gh  in  many in s ta n c e s  u n p h y s io lo g ic a l ,  may be a c c e p ta b le  in  most 
s t u d ie s .
AIM OF STUDY
A r e l a t i v e l y  f a s t  f lo w  r a t e ,  c e r t a in ly  g r e a te r  th an  5 m l/m in u te , 
i s  n e c e s s a iy  to  p ro v id e  adequate c o l l e c t i o n s  d u rin g  s t u d ie s .  The aim 
o f t h i s  in v e s t ig a t io n  was to  determ ine th e  e f f e c t  o f  v a r ia t io n  o f  th e  
p e r fu s io n  f lo w  r a te  on th e  a b so r p tio n  o f  w ater  and e l e c t r o l y t e s  u s in g  
th e  sm a ll i n t e s t i n a l  p e r fu s io n  te c h n iq u e , w ith  th e  o b je c t  o f d e term in in g  
i f  f a s t  p e r fu s io n  f lo w  r a te s  are  l i k e l y  to  g iv e  g r o s s ly  in a c cu ra te  
r e s u l t s .
SUBJECTS AND METHODS.
S u b je c ts
15 normal v o lu n te e r  s u b je c t s  underwent th e  in v e s t ig a t io n ,  none o f  
whom had any s ig n i f i c a n t  g a s t r o - in t e s t i n a l  sym ptom atology.
C om position  o f p e r fu s in g  s o lu t io n s
The p e r fu s in g  s o lu t io n s  a l l  c o n s is t e d  o f  s o lu t io n s  o f  g lu c o se  
and s a l i n e ,  each c o n ta in in g  a g lu c o se  c o n c e n tr a t io n  o f  56 mM. Care was 
ta k en  th a t  each  o f  th e  s o lu t io n s  u sed  was i s o —osm otic  (300  m .o s m o l/l) ,  
P h en o lsu lp h o n p h th a le in  (PSP) in  a c o n c e n tr a t io n  o f  5 g / l i t r e ,  and 51Cr 
EDTA were u sed  a s  w ater  s o lu b le ,  n on -ab sorb ab le  m arkers.
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T echnique, ex p er im en ta l procedure and a n a ly t ic a l  m ethods
A t r i p l e  lumen tu b e p e r fu s io n  system  was u se d (a s  shown in  F igu re
4 , 4 ) ,  each tube b e in g  c o n str u c te d  from p o ly v in y l  s in g le  lumen tu b in g , 
o f  w hich one was ra d io —opaque.
The s u b je c t s  were f a s t e d  o v ern ig h t, and th e  p e r fu s io n  tube p a sse d  
th e  f o l lo w in g  m orning by mouth. The tube p o s i t i o n  was checked rad io— 
l o g i c a l l y  and p e r fu s io n  s ta r t e d  when th e  in fu s io n  p o in t  was s i t e d  immed­
i a t e l y  d i s t a l  to  th e  duodeno—j e ju n a l ju n c tio n . The p e r fu s a te  was p a ssed  
through a w ater  b ath  a t  a tem perature o f 37°C. Four in fu s io n  r a te s  were 
used  in  th e  s tu d y , 10 m l/m in u te , 15 m l/m in u te , 20 m l/m inute and 25 m l/  
m inute. In  each  s u b je c t ,  two or  th r e e  o f th e s e  d i f f e r e n t  p e r fu s io n  f lo w  
r a te s  were u t i l i z e d  in  r o t a t io n .  I n fu s io n  and c o l l e c t i o n  was perform ed  
u s in g  two W atson Marlow c o n sta n t f lo w —in d u cer pumps, one o f  which was 
f i t t e d  w ith  a te n -c h a n n e l D e lta  pump attach m en t.
An e q u i l ib r a t io n  p e r io d  o f 45“ 60 m inutes was a llo w ed  in  each stu d y  
a f t e r  in fu s io n  was s ta r t e d ,  so  th a t  a stead y—s t a t e  co u ld  be e s ta b l is h e d .  
A fte r  e s ta b lish m e n t o f  th e  s t e a d y - s t a t e  a t each in d iv id u a l  f lo w  r a te  u sed , 
two or th r e e  ten -m in u te  c o l l e c t i o n s  o f f l u i d  were made. A fu r th e r  
e q u i l ib r a t io n  p e r io d  and a d i f f e r e n t  f lo w  r a te  was th e n  e s ta b l is h e d  and 
a new s e r i e s  o f  c o l l e c t i o n s  made. In  each  s u b j e c t ,  two or th r e e  d i f f e r e n t  
f lo w  r a te s  were s tu d ie d  in  t h i s  way.
The measurement o f PSP, 51Cr EDTA, and e l e c t r o l y t e s  were a s  p r e v io u s ly  
d e sc r ib e d  and a b s o ip t io n  o f  w ater  and e l e c t r o l y t e s  c a lc u la t e d  u s in g  th e  
form u la  f o r  th e  t r i p l e —lumen tu b e .
RESULTS
The r e s u l t s  o f th e  v a r io u s  f lo w  r a te s  on mean w a ter  a b so r p tio n  
are shown in  T able 7*1» At 10 m l/m inute th e  mean w ater  a b so r p tio n  
(+  SEM) was 216 + 37 m l/m inute; a t  I 5 m l/m inute; w a ter  a b so r p tio n  was
TABLE 7 .1
MEAN ( -  S .E .M ,) WATER ABSORPTION AT DIFFERENT 
PERFUSION FLOW RATES
Flow R ate  
(m l/m in)
No. o f  
S tu d ie s
Mean Water A b so rp tio n  
(m l/h r /3 0  cm. segm en t).
10 10 216 + 37
15 7 240 + 51
20 10 221 + 18
25 8 180 + 27
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240 + 51 m l/m inute; a t  20 m l/m in u te , th e  mean w ater  a b so r p tio n  was 
221 + 18 m l/m in u te , and a t  25 m l/m in u te , mean w a ter  a b so r p t io n  was 180 +
27 m l/m in u te . There was no s t a t i s t i c a l l y  s ig n i f i c a n t  d i f f e r e n c e  betw een  
th e  means o f  w a ter  a b so r p t io n  a t  any o f  th e  f lo w  r a t e s  s tu d ie d  u s in g  
S tu d e n t’ s t —t e s t .
The e f f e c t  o f th e  f lo w  r a te s  s tu d ie d  on mean sodium and c h lo r id e  
a b so r p tio n  are shown in  T able 7*2. A gain , th e r e  was no s ig n i f i c a n t  
a l t e r a t i o n  in  sodium and c h lo r id e  a b s o ip t io n  betw een  th e  d i f f e r e n t  
f lo w  r a te s  s tu d ie d . F or w a ter , sodium and c h lo r id e  a b so r p t io n  how ever, 
th e r e  was p o s s ib ly  a tren d  tow ards some r e d u c tio n  in  a b s o ip t io n  o f  
w ater  and th e  e l e c t r o l y t e s  a t  th e  f a s t e s t  f lo w  r a te s  s tu d ie d  (25  m l/m in u te ). 
However, t h i s  tren d  d id  n ot reach  s t a t i s t i c a l  s ig n i f i c a n c e ,
DISCUSSION
The r e s u l t  o f  t h i s  in v e s t ig a t io n  in d ic a t e s  th a t  a l t e r in g  p e r fu s io n  
f lo w  r a te  from 10 m l/m inute up to  25 m l/m inute i n  th e  t r i p l e —lumen tube  
p e r fu s io n  sy stem , r e s u lt e d  in  no s ig n i f i c a n t  a l t e r a t i o n  o f a b so r p tio n  o f  
w a ter , sodium and c h lo r id e .  There was p o s s ib ly  th e  b e g in n in g  o f  a tren d  
tow ards r e d u c tio n  in  a b s o ip t io n  o f  w a ter  and e l e c t r o l y t e s  a t  th e  f a s t e s t  
f lo w  r a te s  s tu d ie d , but no s t a t i s t i c a l  s ig n i f ic a n c e  was o b ta in ed .
The r e s u l t s  o f  t h i s  stu d y  ten d  to  confirm  th o se  o f M o d ig lia n i and 
B e r n ie r  ( l9 7 l ) »  who found  a tre n d  tow ards l e s s  w ater  and sodium b e in g  
absorbed when th e  in f u s io n  r a te  was in c r e a s e d . These au th ors found  
s t a t i s t i c a l l y  s ig n i f i c a n t  r e d u c tio n  in  sodium a b s o ip t io n  betw een  10 and 
15 m l/m inute and betw een  10 and 20 m l/m in u te . S la d en  and Dawson ( 1969b) 
f a i l e d  to  show any s ig n i f i c a n t  e f f e c t  o f th e  f lo w  r a te  ( v a iy in g  from  11 m l/  
m inute to  28 m l/m in u te) on a b so r p tio n  o f w ater  and sodium in  man.
The e f f e c t  o f  f lo w  r a te  on th e  a b s o ip t io n  o f  g lu c o s e  has a l s o
TABIE 7*2
MEAN ( -  S .B .M .) SODIUM AM) CHLORIDE ABSORPTION AT 
DIEEERENT PERFUSION FLOW RATES
Flow R ate  
(m l/m in)
No, o f  
S tu d ie s
Mean Sodium A b sorp tion  
(m ,m ol/hr/30cm ,segm ent)
Mean C h lo r id e  A b sorp tion  
( m .m o l/h r /3Com.segm ent)
10 10 2 2 .9  + 2 .4 19*6 + 2 .3
15 7 19*4 + 2 .4 2 1 .4  + 1*7
20 10 21*3 + 1*9 2 0 .2  + 1 .4
25 8 17*4 + 2 .2 1 8 .4  + 1*9
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"been s tu d ie d  ( S lad en  and Dawson, 1969b; M o d ig lia n i and B e r n ie r , 1 9 7 l)*
These au th ors found th a t  in c r e a s in g  f lo w  r a te s  in c r e a s e d  th e  a b s o ip t io n  
r a te  o f g lu c o s e .
The in f lu e n c e  o f f lo w  r a te  on i n t e s t i n a l  a b s o ip t io n  i s  an im portant 
problem  r a is in g  a number o f  t h e o r e t ic a l  f a c t o r s .  I t  h as been  dem onstrated  
th a t  a t f lo w  r a te s  betw een  3 and 7 m l/m in u te , i n t e s t i n a l  volume in c r e a s e s  
p r o p o r t io n a te ly  and th e  average t r a n s i t  tim e v a r ie s  l i t t l e  ( D i l la r d ,
Eastman and E ord tran , I 9 6 5 ) .  At f a s t e r  f lo w  r a te s  th e  in c r e a se d  volume 
in  th e  i n t e s t in e  i s  d e a lt  w ith  by a p r o p o r tio n a l d e c r ea se  in  t r a n s i t  
tim e; th u s th e  c o n ta c t  tim e o f  th e  p e r fu se d  s o lu t io n  w ith  th e  i n t e s t i n a l  
mucosa may be reduced w ith  la r g e  f lo w s . I t  seems p rob ab le  th a t  h ig h  r a te s  
o f  p e r fu s io n  may induce th e  developm ent o f lam inar f lo w s  in  th e  i n t e s t in e  
(A r d a illo u , S reer  and R ic h e t , 1970)« T his may a llo w  th e  c e n tr a l  l iq u id  
column to  escap e  th e  in f lu e n c e  o f  v a r ia t io n s  in  p e r ip h e r a l c o n c e n tr a t io n s .  
The e f f e c t s  o f i n t e s t i n a l  m otor fu n c t io n  on th e  m ucosal c o n ta c t  tim e in  
i n t e s t i n a l  p e r fu s io n  are r e p la c e d  by th e  f lo w  o f  v e l o c i t y  a r t i f i c i a l l y  
c r e a te d  by th e  r a te  o f  th e  p e r fu s io n  pump ( S o e r g e l, 1971)* Thus th e  
r a te  o f  p e r fu s io n  and th e  c o n c e n tr a t io n  o f  th e  p e r fu se d  s o lu t io n s  appear  
to  d eterm in e th e  lo a d  o f fe r e d  to  th e  i n t e s t i n a l  segm ent under s tu d y . The 
e f f e c t  o f v e r y  f a s t  p e r fu s io n  r a te s  on i n t e s t i n a l  a b so r p tio n  has been  
s tu d ie d  r e c e n t ly  by Lew is and P ord tran  (1 9 7 5 ) . These au th ors found th a t  th e  
e f f e c t i v e  m ucosal s u r fa c e  area  through w hich a b s o ip t io n  ta k e s  p la c e  i s  
in c r e a se d  by about 40^  a s  p e r fu s io n  r a te  i s  in c r e a se d  from  1 m l/m in . to  
100 m l/m in . I n c r e a s in g  p e r fu s io n  r a te  a ls o  red u ces th e  th ic k n e s s  o f th e  
u n s t ir r e d  w a ter  la y e r  on th e  su r fa c e  o f th e  m ucosal c e l l s ,  th u s le a d in g  
to  an in c r e a s e  o f  s o lu t e  a b so r p tio n . P a s t  p e r fu s io n  r a te s  do n ot  
how ever, in c r e a s e  in tr a lu m in a l p r e ssu r e  to  th e  l e v e l  a t  w hich m ucosal
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b lo o d  f lo w  i s  reduced .
The r e s u l t s  o f  th e  p r e se n t  in v e s t ig a t io n  in d ic a t e  th a t  th e  a c tu a l  
r a te  o f  p e r fu s io n  may not m atter  to o  much when th e  i n t e s t i n a l  p e r fu s io n  
tech n iq u e  i s  u sed  w ith in  i t s  l im i t a t io n s ,  and p r e fe r a b ly  when an in d iv id u a l  
p a t ie n t  i s  u sed  as c o n tr o l  in  a p e r fu s io n  s tu d y . The in fu s io n  r a te  sh ou ld  
be w ith in  th e  10 — 25 m l/m inute range and p r e fe r a b ly  15 — 20 m l/m in u te .
The c r i t e r i a  f o r  th e  s e l e c t i o n  o f th e  p e r fu s io n  r a te  depends a ls o  upon 
th e  le n g th  o f  gut p e r fu se d  and th e  c o n c e n tr a t io n  o f  th e  p e r fu s a te .  I t  i s  
v i t a l l y  im portant th a t  th e  in fu s io n  r a te  rem ain c o n sta n t throughout any 
in d iv id u a l  p e r fu s io n . For th e  p u rp oses o f th e  fu r th e r  s tu d ie s  to  be  
d e sc r ib e d , a c o n sta n t  in fu s io n  r a te  o f 20 m l/m inute has been  s e le c t e d  
on th e  b a s i s  o f th e  r e s u l t s  o f th e  s tu d y . T h is in fu s io n  r a te  g iv e s  
s a t i s f a c t o r y  a b so r p tio n  f ig u r e s  f o r  w a ter , sodium and c h lo r id e  a b so r p tio n  
and a llo w s  adequate f l u i d  c o l l e c t i o n  during  th e  t e n  m inute c o l l e c t i o n  
p e r io d s ,
SUMMARY
The e f f e c t  o f  d i f f e r e n t  in fu s io n  r a te s  on th e  a b s o ip t io n  o f  w a ter , 
sodium and c h lo r id e  has been  s tu d ie d . I n fu s io n  r a te s  o f 10 m l/m in u te ,
15 m l/m in u te , 20 m l/m in u te , 25 m l/m inute were u sed  and no s ig n i f i c a n t  
d if f e r e n c e  was found in  th e  a b so r p tio n  o f w a ter , sodium and c h lo r id e  at 
each  o f th e s e  p e r fu s io n  f lo w  r a te s .T h e r e  was a tre n d  tow ards a r e d u c tio n  
o f a b s o ip t io n  o f  w a ter  and e l e c t r o l y t e s  a t  25 m l/m in u te , a lth ou gh  th e se  
f ig u r e s  w ere n ot s t a t i s t i c a l l y  s ig n i f i c a n t l y  d i f f e r e n t  from th e  a b so r p tio n  
f ig u r e s  o b ta in ed  a t  low er f lo w  r a t e s .
On th e  b a s i s  o f  th e s e  r e s u l t s  an in fu s io n  r a te  o f  20 m l/m inute  
h as b een  s e le c t e d  a s  a stan dard  p e r fu s io n  f lo w  r a te  f o r  th e  sm a ll i n t e s t i n a l  
p e r fu s io n  s tu d ie s  to  be su b seq u en tly  d e sc r ib e d . A lthough  to  some e x te n t  
u n p h y s io lo g ic a l ,  f lo w  r a te s  above 5 m l/m inute are a c c e p ta b le  w ith in  th e  
c o n te x t  o f th e  l im it a t io n s  o f th e  sm a ll i n t e s t i n a l  p e r fu s io n  tec h n iq u e .
CHAPTER 8
COMPARISON OP DOUBLE -  LUMEN AND 
TRIPLE -  LUMEN PERFUSION TUBE SYSTEMS 
AND THE EFFECT OF A PROXIMAL OCCLUDING BALLOON 
ON WATER AND ELECTROLYTE ABSORPTION
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INTRODUCTION
E a r ly  sm a ll i n t e s t i n a l  p e r fu s io n  tec h n iq u es  made u se  o f th e  sim p le  
d oub le-lum en tube (S c h e d l and C l i f t o n ,  I 96I ) .  A t h e o r e t i c a l  d isa d v a n ta g e  
o f t h i s  tec h n iq u e  i s  th a t  i t  makes no a llow an ce  f o r  endogenous gut  
s e c r e t io n s  w hich may contam inate th e  stu d y  segm ent. A ttem pts were 
i n i t i a l l y  made to  e lim in a te  th e s e  s e c r e t io n s  by a p p ly in g  s u c t io n  proxim al 
to  th e  in fu s io n  s i t e  (P o rd tra n , L e v ita n , Bikerman e t  a l ,  196I ) ,  a lth ou gh  
t h i s  method proved  to  be u n s u c c e s s fu l .  R e flu x  o f  th e  p e r fu se d  s o lu t io n  
proxim al to  th e  in fu s io n  p o in t  may a ls o  le a d  t o  in a ccu ra cy  in  th e  d o u b le -  
lumen tube sy stem . A s p ir a t io n s  perform ed up to  I 5 cm proxim al to  th e  
p o in t  of p e r fu s io n  in  one stu d y  were found to  c o n ta in  s ig n i f i c a n t  
q u a n t i t ie s  o f  th e  t e s t  s o lu t io n  (P o rd tra n , 1 9 6 9 ). The e x is t e n c e  o f  
such r e f lu x  s u g g e s ts  th a t  an o v e r e s t im a tio n  o f a b so r p tio n  may occur in  
r e la t io n  to  le n g th  a s  a segment o f i n t e s t in e  g r e a te r  th an  th e  le n g th  
under stu d y  w i l l  in  f a c t  be p a r t ic ip a t in g  in  th e  a b so r p t io n . T h is a d d it io n a l  
segm ental le n g th  p rob ab ly  v a r ie s  from  tim e to  tim e w ith in  th e  same s u b je c t ,  
and from  one s u b je c t  to  an oth er  (M o d ig lia n i, Rambaud and B e r n ie r , 1 9 7 3 ).
The in h e r en t t h e o r e t i c a l  d isa d v a n ta g es  o f  th e  d oub le-lum en  tube  
system  may be overcome in  two w ays. F i r s t l y ,  a t r i p l e —lumen tube system  
may be u sed . T h is system  in c o r p o r a te s  a m ixing  segm ent prox im al to  th e  
t e s t  segm ent. T his segm ent th u s l i e s  betw een th e  in fu s io n  p o in t  and th e  
proxim al c o l l e c t i o n  p o in t .  T h is upper segment a llo w s  m ix ing  o f th e  
in fu s e d  t e s t  m a te r ia l  w ith  endogenous s e c r e t io n s .  I f  any r e f lu x  e x i s t s ,  
i t  w i l l  occur prox im al to  th e  m ix in g  segm ent, and th u s w i l l  n ot in t e r f e r e  
w ith  th e  r e s u l t s  o b ta in ed . These are c a lc u la te d  from  th e  d i f f e r e n c e s  in  
marker c o n c e n tr a t io n s  betw een th e  proxim al and d i s t a l  c o l l e c t i o n  p o in t s .
T h is system  has now b een  u sed  s u c c e s s f u l ly  by a number o f au th ors ( Cooper 
e t  a l ,  1966; W halen, e t  a l ,  1 9 6 6 ) . A second method o f  a v o id in g  th e
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t h e o r e t ic a l  problem s r a is e d  by th e  sim p le double—lumen tube system  i s  
th e  u se  o f a p rox im al o c c lu d in g  b a llo o n  s i t u a t e d  im m ed iate ly  above th e  
p o in t  o f  in fu s io n  ( P h i l l i p s  and Sum m ersk ill, 1 9 6 6 ). A p o t e n t ia l  d i s ­
advantage o f t h i s  system  may be an a l t e r a t io n  o f segm en ta l a b so r p tio n  
r a te s  by in te r f e r e n c e  w ith  i n t e s t i n a l  m o t i l i t y  or m ucosal b lo o d  f lo w  
by th e  b a llo o n  when i n f l a t e d ,  a lth ou gh  th e re  i s  l i t t l e  ev id en ce  f o r  t h i s  
o b je c t io n .
There h as b een  much d i s c u s s io n  and d eb ate  a s  to  th e  accuracy  o f th e se  
d i f f e r e n t  te c h n iq u e s  and some s tu d ie s  have b een  perform ed in  an attem pt 
to  compare th e s e  m ethods ( S la d en  and Dawson, 1968a; S la d en  and Dawson,
1970; M o d ig lia n i and B e r n ie r , 1 9 7 1 ). Some o f th e s e  s t u d ie s ,  how ever, 
show c o n f l i c t i n g  r e s u l t s ,  a n d ,th e r e  i s  s t i l l  no g e n e r a l agreem ent as  
to  th e  m ost r e l i a b l e  tech n iq u e  w hich sh ou ld  be u se d ,
AIMS OF STUDY
The aim o f  t h i s  in v e s t ig a t io n  has been  to  compare th e  a b so r p tio n  of  
w ater  from th e  jejunum in  man u s in g  a tr ip le - lu m e n  tube p e r fu s io n  system  
w ith  th a t  o b ta in ed  u s in g  a doub le-lum en tube system  in  th e  same p a t ie n t ,  
and a ls o  to  stu d y  th e  e f f e c t  o f a prox im al o c c lu d in g  b a l lo o n  on w ater  
a b so r p tio n ,
SUBJECTS AND METHODS 
S u b je c ts
F i f t e e n  normal v o lu n te e r  s u b je c t s  p a r t ic ip a te d  in  th e  in v e s t ig a t io n .  
C om position  o f p e r fu s io n  s o lu t io n s
The p e r fu s io n  s o lu t io n s  c o n s is t e d  o f  g lu c o se —s a l in e  w ith  a g lu c o se  
c o n c e n tr a t io n  of 56 mM. The o s m o la lity  o f t h i s  s o lu t io n  was checked in  
each  c a s e , and ca re  tak en  th a t  th e  s o lu t io n  was is o -o s m o t ic  (300  m ,o s m o l/l) .  
P h en o lsu lp h o n p h th a le in  (PSP) in  a c o n c e n tr a t io n  o f  5 g / l  and 51Cr EDTA 
were u sed  a s  w a te r - s o lu b le ,  n on -ab sorb ab le  m arkers.
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T echnique, ex p er im en ta l procedure and a n a ly t io a l  m ethods
A tr ip le - lu m e n  tube p e r fu s io n  system  was used  in  t h i s  s tu d y . The 
tube in c o rp o ra te d  a m ixing  segment 15 cm lo n g  and th e  t e s t  segment 30 cm 
lo n g , and an o c c lu d in g  b a llo o n  s i t u a t e d  im m ediately  prox im al to  th e  
in fu s io n  p o in t .  T h is co u ld  be e a s i l y  and r a p id ly  i n f la t e d  and d e f la t e d .
A sump tube was s i t e d  proxim al to  th e  b a llo o n  and s e c r e t io n s  c o l l e c t i n g  
th e r e  were c o n tin u o u s ly  removed.
The s u b je c t s  f a s t e d  o v ern ig h t and th e  p e r fu s io n  tube p a ssed  by mouth 
on th e  f o l lo w in g  m orning. The tube p o s i t i o n  was checked r a d io lo g ic a l ly  
and p e r fu s io n  s ta r t e d  when th e  in fu s io n  p o in t  was p o s i t io n e d  d i s t a l  to  
th e  duodeno-j e ju n a l f le x u r e .  The p e r fu sa te  was p a ssed  through a w ater  
b ath  a t a c o n sta n t tem perature o f 37°G and in tro d u ced  in to  th e  jejunum  
a t  a c o n sta n t f lo w  r a te  o f 20 ml p er  m inute. Sam ples were c o l l e c t e d  a t  
a r a te  o f 2 m l/m in u te . I n fu s io n  and c o l l e c t i o n  was perform ed u s in g  two 
Watson Marlow c o n sta n t f lo w —in d u cer  pumps, one o f  w hich was f i t t e d  w ith  
a t e n  chan n el D e lta  pump a ttach m en t. A fte r  th e  s t a r t  o f th e  p e r fu s io n  
an e q u i l ib r a t io n  p e r io d  o f 45 -6 0  m inutes was a llo w ed  in  each  stu d y  so  
th a t  a s t e a d y - s t a t e  cou ld  be e s ta b l is h e d .  A f te r  th e  e s ta b lish m e n t o f 
th e  s t e a d y - s ta t e  10 m inute c o l l e c t i o n s  were made f o r  fo u r  or f i v e  p e r io d s .  
The b a llo o n  was th en  in f la t e d  w ith  a ir  and a f t e r  r e - e q u i l ib r a t io n ,  th r e e  
or fo u r  fu r th e r  c o l l e c t i o n s  were made.
The a b so r p tio n  o f  w ater and sodium was c a lc u la t e d  by th e  change in  
c o n c e n tr a t io n  o f  each o f  th e  two m arkers. The r e s u l t s  were worked out 
u s in g  b o th  PSP and 51Cr EDTA as w a te r -s o lu b le  n on -ab sorb ab le  m arkers.
For each  s u b je c t  th e  w ater and sodium a b so r p tio n  was c a lc u la te d  
u s in g  th e  form u la  f o r  a t r ip le - lu m e n  tube system  (T ab le  4 * 2 ) . For each  
s u b je c t ,  a l s o ,  w ater  a b so r p tio n  was c a lc u la te d  in  th e  same p a t ie n t  u s in g  
th e  form ula  f o r  th e  doub le-lum en tube system  based  on th e  d i f f e r e n c e  in
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marker c o n c e n tr a t io n  betw een th e  in fu s io n  p o in t  and th e  proxim al 
c o l l e c t i o n  p o in t  ( l 5  cm) and fu rth erm ore , betw een th e  marker c o n c e n tr a t io n  
d if f e r e n c e  betw een  th e  in fu s io n  p o in t  and th e  d i s t a l  c o l l e c t i o n  p o in t ,
(45  cm). The r e s u l t s  were a ls o  c a lc u la te d  in  each  p a t ie n t  b e fo re  and 
a f t e r  b a llo o n  i n f l a t io n .
RESULTS
The r e s u l t s  o f th e  stu d y  are shown in  T able 8 ,1 ,  The mean w ater  
a b so r p tio n  (+  S.E.M , ) c a lc u la te d  by th e  tr ip le - lu m e n  tube system  was 
232 + 25 m l/h ou r . The w ater  a b so r p tio n  c a lc u la te d  u s in g  th e  doub le-lum en  
system  was 405 + 92 m l/hour (15  cm segm ent) and 322 + 68 m l/hour (45  cm 
segm en t). The mean w ater  a b so r p tio n  c a lc u la te d  by th e  tr ip le - lu m e n  
tube system  was s t a t i s t i c a l l y  s ig n i f i c a n t l y  low er th an  th a t  c a lc u la te d  
from th e  doub le-lum en system  a t b oth  segment le n g th s  ( p ^ 0 ,0 5 ) .  There 
i s  no s t a t i s t i c a l l y  s ig n i f i c a n t  d i f f e r e n c e  betw een th e  w ater a b so r p tio n  
c a lc u la t e d  in  th e  doub le-lum en system  u s in g  th e  I 5 cm, segment from th a t  
o f th e  45 cm segm ent, a lth ou gh  w ide v a r ia t io n  o f  r e s u l t s  was ob ta in ed  
( p a r t ic u la r ly  w ith  th e  I 5 cm segm en t).
S im ila r  r e s u l t s  were o b ta in ed  when sodium a b so r p tio n  was s tu d ie d .
The mean sodium a b so r p tio n  u s in g  th e  t r ip  l e - lumen system  was 2 1 ,6  + 1 ,4  
m ,m ol/hr and f o r  th e  doub le-lum en tube system  was 3 2 ,0  + 5*8 m ,m ol/hr  
(15  cm segm ent) and 2 7 -3  + 3 .1  m ,m ol/hr (45  cm segm en t). A gain  th e  f ig u r e  
f o r  mean sodium a b so r p tio n  u s in g  th e  tr ip le - lu m e n  tube system  was s t a t i s ­
t i c a l l y  s i g n i f i c a n t l y  low er than  w ith  e i t h e r  r e s u l t  c a lc u la te d  u s in g  th e  
sh o r t or lo n g  segment o f th e  doub le-lum en tube system  (p^^O.O^). No 
s ig n i f i c a n t  d i f f e r e n c e  in  a b so r p tio n  was found betw een  p e r io d s  o f b a llo o n  
i n f l a t i o n  and d e f la t io n .
TABLE 8 .1
MEAN WATER AND SODIUM ABSORPTION ( -  S .E .M .) IN 15 SUBJECTS 
CALCULATED USING TRIPLE -  LUMEN AND
DOUBLE -  LUMEN TUBE SYSTEMS.








. J o )
Mean 
Water 
a b so r p tio n  
( m l/h r /se g m en t)
Mean 
Sodium  
a b so r p tio n  
( m .m ol/h r/segm en t)
________ __________
232 + 25
2 1 .6  + 1 .4
405 + 92 
32 .0  + 5 .8
322 + 68 
2 7 .3  + 3 .1
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DISCUSSION
The r e s u l t s  o f t h i s  stu d y  in d ic a te  th a t  th e  mean a b so r p tio n  o f  
w ater  and sodium c a lc u la t e d  by th e  t r i p l e - lumen system  i s  s t a t i s t i c a l l y  
s ig n i f i c a n t l y  low er th an  th a t  c a lc u la te d  in  th e  same p a t ie n t  u s in g  
a double—lumen c a lc u la t io n  over I 5 cm and 45 cm segm en ts. No d i f f e r e n c e  
in  a b so r p tio n  was found to  occur w ith  i n f l a t i o n  o f  th e  proxim al o c c lu d in g  
b a llo o n . There i s  no way o f knowing in  a study o f  t h i s  n atu re  w hich i s  
th e  most a c cu ra te  f ig u r e .  However, th e  la r g e  stan d ard  e r r o r  found in  th e  
c a lc u la t io n s  u s in g  b oth  double—lumen segm ents (15  cm and 45 cm) in d ic a t e s  
a w ide v a r ia t io n  in  th e  a b so r p tio n  f ig u r e s  o b ta in ed  in  th e se  two grou p s. 
T h is v a r ia t io n  s u g g e s ts  a g r e a te r  l ik e l ih o o d  o f  e r r o r  u s in g  th e  d o u b le -  
lumen system . The f ig u r e s  w hich were o b ta in ed  u s in g  th e  t r i p l e —lumen 
tube system  are o f th e  same order as a b so r p tio n  f ig u r e s  are rep o rted  
in  e q u iv a le n t  s tu d ie s  u s in g  a s im ila r  system . T h is s u g g e s ts  th a t  th e  
t r i p l e —lumen tube tech n iq u e  may be more r e l i a b le  in  g iv in g  c o n s is t e n t  
r e s u l t s  th an  th e  doub le-lum en tube system .
As p r e v io u s ly  m entioned th e  double-lum en tube system  has two 
p r in c ip a l  draw -baoks. These are r e f lu x  o f th e  p e r fu se d  s o lu t io n  proxim al 
to  th e  in fu s io n  p o in t ,  and con tam in ation  by proxim al endogenous s e c r e t io n s ,  
P ordtran  ( 1969) u s in g  a t r ip le - lu m e n  tube and a c a lc u la t io n  u s in g  t r i p l e ­
lumen and doub le-lum en  m ethods, compared th e  movements o f t r i t i a t e d  w ater  
and 14c u rea  and found th a t  a b so r p tio n  was c o n s id e r a b ly  o v e r -e s t im a te d  
by th e  d oub le-lum en  method. The t e s t  segment i s  in c r e a se d  by a v a r ia b le  
unknown le n g th  by t h i s  r e f lu x .  C ontam ination  o f th e  p e r fu se d  s o lu t io n  
by proxim al endogenous s e c r e t io n s  has a ls o  been  d em onstrated . Whalen and 
h is  c o lle a g u e s  ( 1966) e s t im a te d  th a t  th e  flo w —r a te  o f f a s t i n g  i n t e s t i n a l  
c o n ten t in to  th e  t e s t  segment was 2 ,1 6  + 132 m l/m inute in  th e  jejunum and
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s im i la r  r e s u l t s  have been  o b ta in ed  in  o th e r  s tu d ie s  ( S o e r g e l and H erb ert, 
1970) .  The l i k e l y  r e s u l t  o f such con tam in ation  i s  u n d er e stim a tio n  o f  
w ater  and e l e c t r o l y t e  a b so r p tio n . Thus, u s in g  th e  double-lum en tube  
system , r e f lu x  may o v e r es tim a te  i n t e s t i n a l  a b so r p tio n  and, con tam in ation  
by endogenous s e c r e t io n  may r e s u l t  in  u n d er e s tim a tio n  o f  a b so r p tio n .
These two p o t e n t ia l  e r ro r s  may c a n c e l th em se lv es  out in  some in s ta n c e s ,  
but t h e ir  combined e f f e c t s  must be v e iy  v a r ia b le .  The v a r i a b i l i t y  o f  
r e s u l t s  w hich were o b ta in ed  in  t h i s  stu dy u s in g  th e  double—lumen tube  
system  ten d s to  support t h i s .  On th e  o th er  hand, S lad en  and Dawson ( 1968a) 
were u nab le to  determ ine ary s ig n i f i c a n t  d i f f e r e n c e  betw een  w ater  and 
e l e c t r o l y t e  a b so r p tio n  c a lc u la te d  u s in g  both  doub le and tr ip le - lu m e n  
tube sy stem s.
T h e o r e t ic a l ly  a doub le-lum en tube w ith  proxim al in f la t a b le  b a llo o n  
( P h i l l i p s  and Sum m ersk ill, 1966) may p reven t r e f lu x  o f  in fu se d  s o lu t io n  
and l im i t  co n ta m in a tio n  o f th e  t e s t  segment by endogenous s e c r e t io n s .
T h is tube has been  u sed  s u c c e s s f u l ly  now in  a number o f s tu d ie s  but 
i t  has some p o t e n t ia l  d isa d v a n ta g e s . In  some p a t ie n t s  adequate lu m in al 
o c c lu s io n  may not be p o s s ib le ,  perhaps due to  f l a c c i d i t y  o f th e  i n t e s t i n a l  
w a ll  ( s la d e n , 1970)* The b a llo o n , when in f la t e d ,  may a l t e r  segm ental 
a b so r p tio n  r a te s  by a f f e c t in g  i n t e s t i n a l  m o t i l i t y  or m ucosal b lo o d  f lo w .  
T h is may n ot cause s ig n i f i c a n t  d if f e r e n c e  in  i n t e s t i n a l  a b so r p tio n  in  
p r a c t ic e ,  and no s ig n i f i c a n t  change was observed  in  t h i s  s tu d y , a lth ou gh  
M o d ig lia n i and B e r n ie r  ( 1971) found w ater a b so r p tio n  to  be s ig n i f i c a n t l y  
h ig h e r  w ith  th e  b a llo o n  d e f la t e d  than  in f la t e d ;  t h i s  may be b ecau se  o f  
r e f lu x  o f  in fu se d  s o lu t io n  proxim al to  th e  p o in t  o f in fu s io n  and may be un­
r e la t e d  in  p r a c t ic e  to  th e  b a llo o n  i t s e l f ,  A t h ir d  p o t e n t ia l  d isad van tage  
o f t h i s  system  i s  th e  p o s s i b i l i t y  o f damage to  th e  jejunum by th e  in f la t e d
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b a llo o n . T h is may p o s s ib ly  occur in  a d is e a s e d  jejunum (Schm id, P h i l l i p s  
and Sum m erskill, 1 9 6 8 ), a lth ou gh  i t  i s  u n l ik e ly  to  occur in  th e  h e a lth y  
sm all i n t e s t in e .
There i s  no g r e a t  d i f f i c u l t y  in tu b a tin g  p a t ie n t s  w ith  a t r ip le - lu m e n  
tube than  w ith  a double—lumen tu b e . There a r e , how ever, some p o t e n t ia l  
d isa d v a n ta g es  o f th e  t r i p l e - lumen tube system . The e q u i l ib r a t io n  p e r io d  
must be o f lo n g  d u r a tio n  to  improve th e  accuracy  o f  th e  method. Proxim al 
sam pling sh ou ld  be c a r r ie d  out a t  a c o n sta n t r a te  so th a t  th e  r a te  o f  
e n t iy  rem ains s t a b le  a t th e  proxim al end o f  th e  t e s t  segm ent. The m ajor 
p o t e n t ia l  d isa d v a n ta g e  o f th e  t r i p l e - lumen tube sy stem , how ever, i s  th a t  
s o lu te  and w a ter  may be absorbed by th e  m ixing  segm ent so  th a t  th e  f lo w  
r a te  and co m p o sitio n  o f f l u i d  e n te r in g  th e  stu d y  segm ent may be v a r ia b le  
and u n r e l ia b le .  P e r fu s io n  f lo w  r a te s  o f th e  s o lu t io n  e n te r in g  th e  t e s t  
segment may be v ery  d i f f e r e n t  from th e  i n i t i a l  p e r fu s io n  f lo w  r a te  a t  
in fu s io n  and r e q u ir e s  a ccu ra te  and s te a d y  c o l l e c t i o n s  a t both  proxim al 
and d i s t a l  c o l l e c t i o n  p o in ts  to  ensure r e l i a b le  f ig u r e s  to  c a lc u la t e  
a b so r p tio n  r a t e s .
From t h i s  and o th e r  s tu d ie s  i t  would appear th a t  th e  tr ip le - lu m e n  
tube system  i s  p r e fe r a b le  to  th e  doub le-lum en system  in  sm a ll i n t e s t i n a l  
p e r fu s io n  s t u d ie s .  The doub le-lum en tech n iq u e  w i l l  prob ab ly  on ly  be  
used  in  c o n ju n c tio n  w ith  a proxim al o c c lu d in g  b a llo o n . The b a llo o n  i t s e l f  
does not s i g n i f i c a n t l y  a l t e r  i n t e s t i n a l  a b s o ip t io n .
SUMMARY
A com parison o f th e  i n t e s t i n a l  a b so r p tio n  o f  w ater  and sodium has 
been  perform ed in  th e  same p a t ie n t s  on th e  same o c c a s io n , u s in g  a t r i p l e ­
lumen tube in  w hich th e  a b so r p tio n  r a te s  o f w ater  and sodium were c a l­
c u la te d  u s in g  b oth  t r ip le - lu m e n  and double-lum en in fo r m a tio n . A proxim al
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o c c lu d in g  b a llo o n  was a ls o  in co rp o ra ted  in to  th e  sy stem . The d o u b le -  
lumen r e s u l t s  were o b ta in ed  over I 5 cm and 45 cm segm en ts. The r e s u l t s  
d em onstrate th a t  th e  a b so r p tio n  f ig u r e s  u s in g  th e  t r i p l e —lumen tube  
system  appear to  be l e s s  v a r ia b le  and more a k in  to  f ig u r e s  o b ta in ed  in  
o th e r  s t u d ie s .  The a b so r p tio n  f ig u r e s  u s in g  th e  doub le—lumen tube system  
are very  v a r ia b le  and are s t a t i s t i c a l l y  s ig n i f i c a n t l y  h ig h e r  th an  th o se  
o b ta in ed  u s in g  th e  t r i p l e —lumen system . The b a llo o n  d id  n ot s ig n i f i c a n t l y  
a f f e c t  i n t e s t i n a l  a b so r p tio n .
I t  w ould appear from t h i s  in v e s t ig a t io n  and from  th e  stu d y  o f th e  
l i t e r a t u r e  and o th e r  in v e s t ig a t io n s  a lon g  th e  same l in e  th a t  i n t e s t i n a l  
p e r fu s io n  s tu d ie s  sh ou ld  b a s i c a l ly  u se  a t r i p l e —lumen tube system  f o r  
g r e a te r  accu ra cy . A doub le-lum en tube system  sh ou ld  on ly  be u sed  in  





The p r in c ip le s  o f  th e  tech n iq u e  o f  sm a ll i n t e s t i n a l  p e r fu s io n  are  
d e sc r ib e d  and s p e c i f i c  problem s o f th e  tech n iq u e  are c o n s id e r e d , A number 
of th e se  problem s have been  s tu d ie d  in  d e t a i l  w ith  th e  aim o f d e f in in g  
stan dard  c o n d it io n s  f o r  th e  u se  and subsequent a p p l ic a t io n  o f th e  te c h n iq u e .
The problem s c o n s id er e d  in c lu d e  an a ssessm en t o f new w a te r -s o lu b le ,  
n on -ab sorb ab le  r e fe r e n c e  su b s ta n c e s , a c o n s id e r a t io n  o f th e  co m p o sitio n  o f  
th e  p e r fu s a te  w ith  th e  s p e c i f i c  purpose o f s tu d y in g  th e  r e la t io n s h ip  o f  
g lu c o se  to  sodium and w ater  a b so r p tio n , an in v e s t ig a t io n  in to  th e  e f f e c t  
o f d i f f e r e n t  p e r fu s io n  f lo w  r a te s  on w ater  and e le c t r o l y t e  a b so r p tio n  
w ith  th e  aim o f d e f in in g  a s a t i s f a c t o r y  f lo w  r a te  f o r  r o u t in e  u s e , and 
th e  stu d y  o f  th e  tube tec h n iq u es  u sed  th e m se lv e s , w ith  p a r t ic u la r  r e fe r e n c e  
to  th e  u se  o f  doub le—lumen and t r i p l e —lumen tu b e s , and th e  u se  o f tu b es  
w ith  prox im al o c c lu d in g  b a l lo o n s .
The sea rch  f o r  an e a s i l y  measured r a d io - i s o t o p ic  n on -ab sorb ab le  w ater  
s o lu b le  r e fe r e n c e  su b sta n ce  le d  to  a study a s s e s s in g  51GrCl^ and 5iC r EDTA 
as markers s u i ta b le  f o r  sm a ll i n t e s t i n a l  p e r fu s io n  s t u d ie s .  The je ju n a l  
p e r fu s io n  system  i t s e l f  was u sed  to  a s s e s s  th e se  m arkers and com parison  
made w ith  PSP in  each  c a s e . The r e s u l t s  in d ic a te  th a t  f ig u r e s  f o r  
w ater  a b so r p tio n  o b ta in ed  u s in g  ^ lO r  EDTA c o r r e la te  w e l l  w ith  th o se  u s in g  
PSP, and a poor c o r r e la t io n  was found betw een w ater  a b so r p tio n  c a lc u la te d  
from 51CrCl^ compared w ith  th a t  c a lc u la te d  u s in g  PSP. 51Cr EDTA th u s  
appears to  be a s u i t a b le  n o n -a b so rb a b le , w a te r -s o lu b le  marker f o r  u se  in  
j e ju n a l  p e r fu s io n  s t u d ie s .  T his i s o t o p ic  marker has been  u sed  in  most o f  
th e  s tu d ie s  r e p o r te d  su b seq u en tly  but u s u a l ly  in  c o n ju n c tio n  w ith  a  
ch em ica l m arker, u s u a l ly  PSP.
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The co m p o sitio n  o f  th e  p e r fu s a te  f o r  sm a ll i n t e s t i n a l  p e r fu s io n  s tu d ie s  
i s  o f immense im portance. Many d i f f e r e n t  ty p e s  o f  p e r fu s a te s  have been  
used  in  th e  p a s t ,  and in  c e r t a in  c ircu m stan ces th e r e  may be s p e c i f i c  
m erit in  u s in g  p a r t ic u la r  co m p o sitio n s  of p e r fu s a t e s .  The r e la t io n s h ip  o f  
g lu c o se  to  sodium and w ater  a b so r p tio n  was s tu d ie d  in  th e  p e r fu s io n  
system  w ith  th e  aim o f d eterm in in g  th e  im portance o f  g lu c o se  in  th e  
a b so r p tio n  o f sodium and w a ter , and d eterm in in g  th e  c o n c e n tr a t io n  of 
g lu c o se  w hich a llo w s  op tim al a b so r p tio n  o f sodium and w a ter . L i t t l e  or  
no a b so r p tio n  o f  sodium or w ater  was observed  w ith  i s o t o n ic  s a l in e  and 
an in c r e a s in g  a b so r p tio n  found up to  an o p tim a l, w hich occurred  a t  a  
g lu c o se  c o n c e n tr a t io n  o f 56 mM. T his g lu c o se  c o n c e n tr a t io n  has th u s been  
ta k en  a s  th e  b a s ic  g lu c o se  c o n c e n tr a t io n  s u i t a b le  f o r  th e  p e r fu sa te  in  
subsequent s t u d ie s .  In  m ost o f  th e  s tu d ie s  rep o r te d  in  t h i s  work, th e  
b a s ic  p e r fu s a te  has c o n s is t e d  o f  g lu c o s e - s a l in e  c o n ta in in g  g lu c o se  in  
c o n c e n tr a t io n  o f  56raM, a lth ou gh  m o d if ic a t io n s  and a d d it io n s  have been  
made i f  r e q u ir e d . There i s  some m er it in  u s in g  a p e r fu s a te  w hich has  
as sim ple a c o m p o sitio n  as i s  n e c e ssa r y  f o r  th e  p u rp oses o f th e  stu d y  
b e in g  perform ed. In  a l l  th e  s tu d ie s  re p o r te d , how ever, care was ta k en  to  
ensure th a t  th e  p e r fu s in g  s o lu t io n  was is o -o s m o t ic  (300  m .o s m o l/l) .
O ther problem s s tu d ie d  have been  th e  s e l e c t i o n  o f  th e  p e r fu s io n  f lo w  r a t e .
The purpose o f th e  stu d y  was to  in v e s t ig a t e  th e  e f f e c t  o f  d i f f e r e n t  
in fu s io n  r a te s  on th e  a b so r p tio n  o f  w ater  and e l e c t r o l y t e s  from th e  jejunum. 
The in fu s io n  r a te s  s tu d ie d  were 10 m l/m in u te , 15 m l/m in u te , 20 m l/m inute  
and 25 m l/m in u te . No s ig n i f i c a n t  d i f f e r e n c e  o f a b so r p tio n  of w ater  and 
e l e c t r o l y t e s  was n o ted  from th e  jejunnm a t each o f th e se  f lo w  r a t e s ,  a lth ou gh  
th e r e  was a tren d  tow ards r e d u c tio n  o f  a b so r p tio n  a t  th e  h ig h e s t  f lo w  
r a te  s tu d ie d , 25 m l/m in u te . On th e  b a s i s  o f th e s e  r e s u l t s  an in fu s io n
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r a te  o f 20 m l/m inute was s e le c t e d  as a standard p e r fu s io n  f lo w  r a te  f o r  
th e  sm a ll i n t e s t i n a l  p e r fu s io n  s tu d ie s  su b seq u en tly  d e s c r ib e d .
F in a l ly ,  th e  d e s ig n  o f th e  i n t e s t i n a l  p e r fu s io n  tube system  i t s e l f  
was in v e s t ig a t e d .  A t r i p l e —lumen tube p e r fu s io n  system  was d e s ig n e d , in  
w hich th e  a b so r p tio n  o f w ater  and e l e c t r o l y t e s  from th e  jejunum cou ld  be 
c a lc u la te d  u s in g  th e  tr ip le - lu m e n  system , and a ls o  from a doub le-lum en  
system  w ith in  th e  same tu b e . The e f f e c t  o f a p rox im al o c c lu d in g  b a l lo o n  
on i n t e s t i n a l  a b so r p tio n  was a ls o  s tu d ie d . The r e s u l t s  dem onstrated  th a t  
th e  a b so r p tio n  f ig u r e s  u s in g  th e  tr ip le - lu m e n  tu b e system  appeared l e s s  
v a r ia b le  th an  th o se  u s in g  th e  double—lumen te c h n iq u e . The doub le-lum en  
system  gave r e s u l t s  w hich were s i g n i f i c a n t l y  h ig h e r  th a n  th o se  o b ta in ed  
u s in g  th e  t r i p l e —lumen system . The v a r i a b i l i t y  of th e  double—lumen tube  
f ig u r e s  su g g e s te d  th a t  more r e l i a b le  r e s u l t s  were l i k e l y  to  be o b ta in ed  
u s in g  a t r i p l e  lumen tube p e r fu s io n  system . There was a ls o  found t o  be 
no s t a t i s t i c a l l y  s ig n i f i c a n t  d i f f e r e n c e  in  w ater  and e le c t r o l y t e  a b so r p tio n  
from  th e  upper sm a ll i n t e s t in e  when th e  b a llo o n  was i n f l a t e d  compared to  
when i t  was d e f la t e d .  Thus, b a llo o n  i n f l a t i o n  does not by i t s e l f  in t e r f e r e  
w ith  a b so r p tio n  m easured by th e  p e r fu s io n  te c h n iq u e .
On th e  b a s i s  o f th e se  p r e lim in a r y  in v e s t ig a t io n s ,  th e  f o l lo w in g  
tech n iq u e  and ex p er im en ta l procedure was adopted f o r  u se  in  sm a ll i n t e s t i n a l  
segm enta l p e r fu s io n  s t u d ie s .  In  m ost in s ta n c e s  a t r ip le - lu m e n  tube system  
was u sed , a lth ou gh  a doub le-lum en  tube w ith  prox im al o c c lu d in g  b a llo o n  
i s  a c c e p ta b le  and was used  in  th e  stu d y  o f th e  e f f e c t  on fru sem id e on 
sm a ll i n t e s t i n a l  a b so r p tio n . B a llo o n s  were a ls o  n e c e ssa r y  in  th e  b i l e  
a c id  stu d y  to  p rev en t co n ta m in a tio n  o f th e  t e s t  segment w ith  endogenous 
b i l e  a c id s .  The p e r fu s io n  tu b es  were c o n str u c te d  from  le n g th s  o f p o ly v in y l  
s in g le - lu m e n  tu b in g , o f w hich one was ra d io -o p a q u e . Each tube had a
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d iam eter  o f  1 .0  nm, and was su p p lie d  "by P o r te x  L td .,  Hythe, Kent 
( r / z  SH85 and M*3 SHBO). A rad io-opaq ue marker system  was d e v ise d  and 
in c o rp o ra te d , so th a t  th e  in fu s io n  p o in t  cou ld  he a c c u r a te ly  l o c a l i s e d  
r a d io lo g ic a l ly  hy an image i n t e n s i f i e r .  The s u b je c t s  and p a t ie n t s  
b e in g  p e r fu se d  f a s t e d  o v ern ig h t and in  th e  m orning th e  p e r fu s io n  tube  
was p a ssed  by mouth. The tube p o s i t i o n  was checked r a d io lo g ic a l ly  and 
p e r fu s io n  s ta r t e d  when the. p e r fu s io n  p o in t  was s i t e d  im m ediately  d i s t a l  
to  th e  duodeno—j e ju n a l f le x u r e .  The p e r fu s a te  was p a ssed  in  a l l  c a se s  
through a w ater  bath  a t  a c o n sta n t tem perature o f  3 7 °0 , and in trod u ced  
in to  th e  jejunum a t a c o n sta n t f lo w  r a te  o f  20 m l/m in u te . Sam ples were  
c o l l e c t e d  a t  a r a te  o f app rox im ately  2 m l/m in u te . I n fu s io n  and c o l l e c t i o n  
was perform ed u s in g  two Watson Marlow c o n sta n t f lo w —in d u cer  pumps, one of 
w hich was f i t t e d  w ith  a te n -c h a n n e l D e lta  pump a ttach m en t. As th e  
e s ta b lish m e n t o f th e  s tea d y —s t a t e  i s  v i t a l  to  accu racy  in  p e r fu s io n  
s t u d ie s ,  an e q u i l ib r a t io n  p e r io d  o f 45*"60 m inutes was a llo w ed  in  each  
stu d y  a f t e r  in fu s io n  was s ta r t e d .  When PSP was u sed  a s  marker th e  
sam ples were a n a ly sed  by sp ectrop h otom etry  a t 58O nm in  a lk a l in e  s o lu t io n ,  
and when i s o t o p ic  markers were u sed , '^ICr r a d io - a c t iv i t y  was counted  w ith  
an au tom atic  gamma co u n tin g  system  u s in g  th e  p u ls e -h e ig h t  a n a ly se r  s e t  
to  co v er  th e  energy range 300-360keV , Sodium c o n c e n tr a t io n  was measured  
in  th e  p e r fu s a te s  and in  c o l l e c t i o n s  by em m ission flam e photom etry u s in g  
th e  XL 143 d i g i t a l  flam e ph otom eter . C h loride c o n c e n tr a t io n  was e s tim a te d  
by th e  c o lo r im e t r ic  method of T echn icon , m o d ified  by Skeggs ( Z a l l ,  F is h e r ,  
and G arner, 1 9 5 6 ),
B a s ic a l ly  th e  same p e r fu s io n  tech n iq u e  was u sed  in  a l l  th e  s tu d ie s  
d e sc r ib e d , a lth o u g h  m inor m o d if ic a t io n s  were made from  tim e to  tim e in  
p a r t ic u la r  s tu d ie s  and th e se  w i l l  be d e sc r ib e d  in  th e  r e le v a n t  s e c t io n s .
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H aving e s ta b l is h e d  a s a t i s f a c t o r y  p r a c t ic a l  p e r fu s io n  tech n iq u e  f o r  
th e  measurement o f  w ater  and e le c t r o l y t e  a b so r p tio n  from th e  jejunum in  
man, a rea s  were c o n s id er e d  whereby th e  p a r t ic u la r  a s s e t s  o f t h i s  
tech n iq u e  co u ld  be a p p lie d  to  advantage. As p r e v io u s ly  m entioned , th e  
sm a ll i n t e s t i n a l  p e r fu s io n  system  i s  a t  i t s  most e f f e c t i v e  when a p p lie d  
to  th e  stu d y  o f th e  in f lu e n c e  o f  some f a c t o r  on th e  i n t e s t i n a l  a b so r p tio n  
o f  w ater  and e l e c t r o l y t e s .  The s u b je c t  b e in g  p e r fu se d  th ereb y  a c t s  a s  
h i s  own c o n t r o l .  More a ccu ra te  in fo rm a tio n  i s  th u s  o b ta in ed  in  t h i s  
way r a th e r  th an  by com paring i n t e s t i n a l  a b so r p tio n  m easurem ents in  
groups o f  p a t ie n t s ,  perhaps w ith  d i f f e r e n t  d is e a s e  s t a t e s .  The l im it a t io n s  
of th e  tech n iq u e  and th e  w ide v a r ia t io n s  in  i n t e s t i n a l  a b so r p tio n  w ith in  
p a t ie n t s  in  h e a lth  and d is e a s e ,  makes t h i s  th e  most s a t i s f a c t o r y  
a p p l ic a t io n  o f  th e  system .
As d e sc r ib e d  in  Chapter 1 , i t  i s  now g e n e r a lly  r e c o g n ise d  th a t  th e  
sm all i n t e s t i n e ,  in  a d d it io n  to  i t s  a b so r p tiv e  fu n c t io n , i s  a b le  to  
s e c r e t e  la r g e  amounts o f w ater  and e l e c t r o l y t e s .  In  c e r t a in  p a th o lo g ic a l  
c o n d it io n , s e c r e t io n  o f  e l e c t r o l y t e s  and w ater  i s  h ig h ly  r e le v a n t  to  th e  
p ro d u c tio n  o f  d ia r rh o ea  (H endrix  and B a y le s s , 1970; F ie ld ,  1974)*
The c l i n i c a l  im portance o f  i n t e s t i n a l  s e c r e t io n  becomes apparent 
when in v e s t ig a t o r s  w orking on c h o le r a  s ta r te d  to  d eterm in e some o f th e  
fundam ental a s p e c ts  o f th e  p a th o p h y sio lo g y  o f th a t  c o n d it io n . The V ib r io  
c h o ler a e  organism  produces a p r o te in  e x o to x in  w hich ca u ses  th e  sm a ll 
i n t e s t i n a l  e p ith e liu m  to  s e c r e t e  w ater  and e l e c t r o l y t e s  (C reenough, 
C arp en ter , B a y le s s ,  1970; F ih k e l s t e in ,  1 9 7 3 ). T h is s e c r e t io n  occu rs  
w ith o u t e i t h e r  l i g h t  or e le c tr o n -m ic r o s c o p ic  e v id en ce  o f e p i t h e l i a l  
c e l l  damage ( E l l i o t ,  C arpenter, Sack e t  a l ,  1970) and th e  d is e a s e  i s
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accom panied by a r e d u c tio n  in  th e  b i—d ir e c t io n a l  sodium movement a c r o ss  
th e  mucosa (L ove, P h i l l i p s ,  Rohde e t  a l ,  1 9 7 2 ). The s e c r e to r y  changes 
are c o n s id er e d  to  be due to  changes in  adenyl c y c la s e  a c t i v i t y .  (Kimberg, 
F ie ld ,  Johnson e t  a l ,  1971» G uerrant, Chen and Sharp, 1 9 7 2 ). C h olera  
t o x in  appears to  in c r e a s e  th e  s y n th e s is  o f c y c l i c  AMP in  th e  i n t e s t i n a l  
m ucosa, and th e  c y c l i c  AMP th en  s t im u la te s  s e c r e t io n  or  unmasks p r e - e x i s t in g  
s e c r e t io n  by in h ib i t in g  an a c t iv e  a b so r p tiv e  p r o c e s s .
These f in d in g s  are o f  c l i n i c a l  im portance as th e  o r a l a d m in is tr a t io n  
o f  g lu c o se  and g ly c in e  may reduce th e  r a te  of w a ter  s e c r e t io n  (N a lin ,
Cash, Rahman, e t  a l ,  1970)« O ther b a c t e r ia l  t o x in s  may have a s im ila r  
e f f e c t  on w ater  and sodium movement in  th e  sm a ll i n t e s t i n e .  T h is has 
b een  dem onstrated  w ith  S ta p h y lo co ccu s aureus ( S u l l iv a n  and Asano, 1 9 7 1 )t 
C lo str id iu m  p erfr in gem s ( s t r o n g , Duncan, Perna, 1971) and E s c h e r ic h ia  
c o l i  (C orbach, B an w ell, C h a tte r je e , e t  a l ,  1 9 7 l)«  I t  i s  p o s s ib le  th a t  
o th e r  organism s may produce t o x in s  w ith  s im i la r  a c t i v i t i e s ,
A g r e a te r  u n d erstan d in g  o f a b so r p tio n  and s e c r e t io n  mechanisms in  
th e  upper sm a ll in t e s t in e  has le d  to  th e  sea rch  f o r  o th e r  f a c t o r s  w hich  
may in t e r f e r e  w ith  th e  w ater  and e l e c t r o l y t e  a b so r p tio n  p r o c e s s , th u s  
le a d in g  to  th e  p r o d u c tio n  o f d ia rrh o ea  and o th e r  sym ptom atology, A 
g r e a te r  u n d ersta n d in g  o f th e  p a th o p h y sio lo g y  o f  th e  v a r io u s  ty p e s  o f  
d ia r rh o ea  can  o n ly  be o f  b e n e f i t  to  th e  p a t ie n t ,  a s  new and more 
s a t i s f a c t o r y  methods of t r e a t in g  d ia rrh o ea  may fo l lo w  s tu d ie s  o f  t h e ir  
p a th o p h y s io lo g y . Chem ical s t im u la n ts , abnormal p h y s ic a l  c o n d it io n s  such 
as m echan ica l bow el o b s tr u c t io n  ( S h ie ld s ,  1 9 6 4 ), low pH (Hochman, K ottm eir , 
Adamson e t  a l ,  197^) and a f t e r  ir r a d ia t io n  ( S u l l iv a n ,  1 9 6 8 ), and v a r io u s  
humoral f a c t o r s  have been  in v e s t ig a t e d .
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The s tu d ie s  r e p o r ted  in  t h i s  s e c t io n  d e sc r ib e  th e  u se  o f th e  sm a ll 
i n t e s t i n a l  p e r fu s io n  tech n iq u e  to  in v e s t ig a t e  th e  e f f e c t  o f f a c t o r s  
such  as b i l e  a c id s ,  l i p i d s  and th e  d iu r e t i c  drug Prusem ide on th e  
a b so r p tio n  and s e c r e t io n  o f w ater  and e l e c t r o l y t e s  in  the- upper jejunum, 
in  th e  hope o f sh edd ing  more l i g h t  on th e  p a th o p h y sio lo g y  o f c e r t a in  
d ia r r h o e a l s t a t e s  in  man.
CHAPTER 10
THE EFFECT OF CONJUGATED AND 
UNCONJUGATED BILE ACIDS ON WATER 




I t  has "been known f o r  some tim e th a t  th e  p r e sen ce  o f e x c e s s iv e  
amounts o f  b i l e  a c id s  in  th e  c o lo n  w i l l  cause w a te iy  d ia r rh o ea . T h is  
may f o l lo w  b reak in g  o f  th e  e n te r o h e p a tio  c ir c u la t io n  o f b i l e  a c id s  
( H ofm an^1967) .  I t  has been  dem onstrated  in  dogs and in  man th a t  con ju gated  
and u n conjugated  d ihydroxy b i l e  a c id s  in h ib i t  w ater  and e le c t r o l y t e  ab- 
s o ip t io n  in  th e  c o lo n  when p r e se n t  in  h igh  c o n c e n tr a t io n , and in  man 
induce s e c r e t io n  o f  w ater  and e l e c t r o l y t e s  (M ekhjian and P h i l l i p s ,  1970; 
M ekhjian, P h i l l i p s  and Hofmann, 1 9 7 l)«  F o rth , Rummell and G lasn er  ( 1966) 
found th a t  u n con ju gated  b i l e  a c id s  in h ib i t  th e  a b so r p tio n  o f  w ater  in  th e  
r a t  jejunum. P e r m e a b ility  changes in  th e  i s o la t e d  r a t  in t e s t in e  induced  
by b i l e  a c id s  have a ls o  been  r e p o r ted  by Feldman and G ib a ld i ( 1969) .  
D ihydroxy b i l e  a c id s  in h ib i t  w ater  a b so r p tio n  and may cau se  s e c r e t io n  
in to  th e  jejunum o f  ham sters (Teem and P h i l l i p s ,  1 9 7 2 ).
The human jejunum i s  norm ally  exposed to  h ig h  c o n c e n tr a t io n s  of  
con ju ga ted  b i l e  a c id s ,  and in  c o n d it io n s  in  w hich b a c t e r ia l  overgrow th  
o c c u r s , u n con ju gated  b i l e  a c id s  may p r e d o m in a te ,(T a b a q ch a li, H atzioannou  
and B ooth , 1968) .
AIM OF THE STUDY
The aim o f t h i s  in v e s t ig a t io n  was to  stu d y  th e  e f f e c t  o f con ju ga ted  
and u n con ju gated  b i l e  a c id s  on th e  a b so r p tio n  o f w ater  and e l e c t r o l y t e s  in  
th e  normal human jejunum,
SUBJECTS AND METHODS 
S u b je c ts
J e ju n a l p e r fu s io n  u s in g  s o lu t io n s  c o n ta in in g  b i l e  a c id s  was perform ed  
on 35 normal h e a lth y  s u b j e c t s .  A l l  s u b je c ts  v o lu n te e r e d  f o r  th e  stu d y  
a f t e r  f u l l  e x p la n a tio n  o f  i t s  n a tu re .
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C om position  o f p e r fu s in g  s o lu t io n s
The p e r fu s in g  s o lu t io n s  c o n s is t e d  o f s o lu t io n s  o f  g lu c o se  and 
s a l in e  or g lu c o s e ,  s a l in e  and h i l e  a c id s ,  a l l  o f w hich were is o —o sm o tic  
(300  m o sm o l/l) . G lucose was p r e se n t  in  a c o n c e n tr a t io n  o f  56 mM. The 
b a s ic  s o lu t io n  in  each  stu d y  c o n s is t e d  o f an is o -o s m o t ic  g lu c o se —s a l in e  
m ixtu re , and ad ju stm en ts were made to  produce t e s t  s o lu t io n s  c o n ta in in g  
b i l e  a c id s .  The o s m o la lity  o f  a l l  b i l e  a c id —c o n ta in in g  s o lu t io n s  was 
checked by th e  method o f  f r e e z in g - p o in t  d e p r e s s io n . S o lu t io n s  were 
d isca r d e d  i f  th ey  w ere found not to  be is o -o s m o t ic .
The b i l e  a c id s  u sed  in  th e  p e r fu s in g  s o lu t io n s  c o n s is t e d  o f th e  
co n ju g a ted  and uncon ju gated  form s o f th e  tr ih y d r o x y  b i l e  a c id  c h o l ic  
a c id , and th e  d ihydroxy b i l e  a c id s  d eo x y o h o lic  and ch en o d eo x y ch o lic  a c id .  
The b i l e  a c id s  w ere o f h ig h  p u r ity  (con firm ed  by chrom atography) and 
were o b ta in ed  from S t e r a lo id s  Ltd, London and Sigma Chem ical Co, L td .,  
London, The c o n c e n tr a t io n  o f  b i l e  a c id s  p r e se n t  in  th e  p e r fu s in g  s o lu t io n s  
were a s  f o l lo w s :  3 mM, 5 mM, 7 mM and 10 mM. The pH o f  th e  s o lu t io n s  
was ap p roxim ately  8 , and d id  n ot change s i g n i f i c a n t l y  during  th e  p e r fu s io n  
as judged by th e  pH v a lu e s  o f th e  f l u i d  c o l l e c t e d  in  th e  s t u d ie s .
P h en o lsu lp h o n p h th a le in  (PSP) in  a c o n c e n tr a t io n  o f 5 g / l  and 
e th y len d ia m in e  t e t r a - a c e t a t e  ( eDTA) l a b e l l e d  w ith  51Cr were u sed  as w a ter -  
s o lu b le  n on -ab sorb ab le  m arkers.
T echnique, ex p er im en ta l procedure and a n a ly t ic a l  m ethods
A f iv e - lu m e n  tu b e , in c o r p o r a tin g  a t r ip le - lu m e n  segm en ta l p e r fu s io n  
system , as d e sc r ib e d  in  C hapter 4 , was used  in  th e  s tu d y . An o c c lu d in g  
b a llo o n  was a tta c h e d  to  th e  tube im m ediately  prox im al to  th e  in fu s io n  
p o in t  to  p rev en t endogenous s e c r e t io n s  and b i l e  from con tam in atin g  the  
t e s t  segm ent. The exp er im en ta l procedure and a n a ly t i c a l  methods used
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were as p r e v io u s ly  d e sc r ib e d . (C hapter 9 ) .  The r e s u l t s  were c a lc u la te d  
u s in g  th e  form u la  f o r  a t r ip le - lu m e n  tube p e r fu s io n  system .
S t a t i s t i c a l  methods
The mean a b so r p tio n  o f w ater  and e l e c t r o l y t e s  from g lu c o se —s a l in e  and 
b i l e  a c id  s o lu t io n s  were compared in  each  ca se  by means o f S tu d e n t’ s 
p a ir e d  t - t e s t ,  each  s u b je c t  in  each p e r fu s io n  stu d y  a c t in g  as h i s  own 
c o n tr o l ,
RESULTS
The e f f e c t  o f c h o l ic  a c id  in  c o n c e n tr a t io n s  o f 3mM, 5mM, 7 mM and 
10 mM on th e  a b so r p tio n  o f w ater  i s  shown in  T able 1 0 ,1 ,  From th e se  
r e s u l t s  i t  i s  se en  th a t  u n conjugated  c h o l ic  a c id , even  a t a c o n c e n tr a t io n  
o f 10 mM had no apparent e f f e c t  on n et w ater  movement in  th e  sm a ll i n t e s t in e  
( p > 0 , 0 5 ) ,  G ly c o c h o lic  a c id  and ta u r o c h o lic  a c id , a ls o  a t h ig h  concen­
t r a t io n s ,  d id  not s i g n i f i c a n t l y  in f lu e n c e  n e t w a ter  movement in  th e  
sm all i n t e s t in e  ( p > 0 ,0 5 ) .  The e f f e c t  o f c h o l ic  a c id  (5  mM and 10 mM) 
on w ater  a b so r p tio n  i s  shown in  more d e t a i l  in  f ig u r e  1 0 ,1 ,
U nconjugated d e o x y o h o lic  a c id  in  a l l  th e  c o n c e n tr a t io n s  t e s t e d  
caused  s t a t i s t i c a l l y  s ig n i f i c a n t  in h ib i t io n  o f w ater  a b so r p tio n  (T ab le  
1 0 .2 ) .  Net s e c r e t io n  o f  w ater  and e le c t r o l y t e s  occu rred  w ith  d e o x y o h o lic  
a c id  in  c o n c e n tr a t io n s  o f  5 mM, 7 mM and 10 mM. H igher c o n c e n tr a t io n s  
of d e o x y o h o lic  a c id  appeared to  e x e r t  th e  g r e a te s t  e f f e c t .  The e f f e c t  o f  
d e o x y o h o lic  a c id  (9  mM and 10 mM) on w ater  a b so r p tio n  i s  shown in  more 
d e t a i l  in  F ig u re  10.%. T au rod eoxych o lic  a c id  had a s im i la r  e f f e c t  on 
w ater  a b so r p tio n  from th e  jejunum . Net s e c r e t io n  occu rred  in  one p a t ie n t  
in fu se d  w ith  3 mM taurodeoxy c h o l ic  a c id , and a s t a t i s t i c a l l y  s ig n i f i c a n t  
d ec r ea se  in  w ater  a b so r p tio n  occurred  in  a l l  p a t ie n t s  in  t h i s  group.
N et s e c r e t io n  occu rred  in  a l l  p a t ie n t s  p e r fu se d  w ith  ta u r o d e o x y c h o lic  
a c id  in  c o n c e n tr a t io n s  o f  5 mM, 7 mM and 10 mM. S im ila r  r e s u l t s  were
TABLE 1 0 .1
MEAN WATER ABSORPTION ( -  S .E .M .) FROM CONTROL SOLUTIONS 
AND SOLUTIONS CONTAINING TRIHYDROXY BILE ACIDS
B i l e  a c id G oncent r a t io n No. o f
W ater a b so r p tio n  
(m l/h  p e r  30 cm segm ent)
(mM) S tu d ie s G lucose—s a l in e B i l e  a c id
C h o lic  a c id 3 8 209 + 22 194 + 19
5 8 182 + 32 156 + 33
7 6 174 + 14 163 + 15
10 4 146 + 18 152 + 26
G ly c o c h o lic  a c id 3 - - —
5 4 193 + 15 183 + 9
7 4 224 + 67 235 + 53
10 4 148 + 21 137 + 11
T a u ro ch o lic  a c id 3 8 190 + 20 192 + 18
5 7 209 + 34 207 + 34
7 4 230 + 23 200 + 20
10 4 223 + 54 203 + 49
FIQUEE 1 0 .1  
EFFECT OF DEOXTGHOLIG ACID ( 5 mM m P  10 mM) 
OF WATER ABSORPTIOF
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TABLE 1 0 .2
MEAF WATER ABBORPTIOF ( -  FROM COFTROL
SOLUTIOFS AFB SOLUTIOFS GOFTAIFIFG BEOXYCHOLIG 
AGED OR ITS GLYGIFE AFD TAURIFE GOFJQGATES
B i le  a c id C o n cen tra tio n  
(niM) .......
Fo. o f  
S tu d ie s
Water a b so r p tio n  
(m l/h  p er  30 cm 
s e ^ e n t )
f ...............—
S ig n if ic a n c e
of
d i f f e r e n c e
G lu co se -
s a l in e
B i l e  a c id
D eo x y o h o lic  a c id 3 4 151 + 20 28 + 12 p < 0 .0 2
5 8 207 + 24 —0 ,8  + 10 p < 0 .0 0 1
7 8 221 + 24 - 9 9 + 2 3
p < 0 ,0 0 1
10 4 227 + 32 -2 2 0  + 31 p < 0 .0 0 5
G ly co d eo x y ch o lic 3 4 162 + 18 34 + 10 p < 0 .0 2
a c id
5 6 176 + 27 2 + 12 p <  0 ,0 0 1
7 4 189 + 30 - 6 2 + 1 8 p < 0 .0 0 1
10 4 201 + 28 —129 + 39 p < 0 .0 0 5
T au rod eoxych o lic 3 4 231 + 25 32 + 20 p < 0 .0 2
a c id
5 4 223 + 17 — 96 + 19 p < 0 .0 0 5
7 4 283 + 46 -1 5 8  + 28 p < 0 ,0 0 1
10 4 259 + 57 —148 + 62 p < 0 .0 2 5
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ob ta in ed  on p e r fu s in g  g ly o o d e o x y o h o lio  a c id  in  c o n c e n tr a t io n s  of 5 
and 7 mM in  fo u r  s u b j e c t s .
S t a t i s t i c a l l y  s ig n i f i c a n t  in h ib i t io n  o f a b so r p tio n  o f w a ter , and 
n et s e c r e t io n  in  a l l  c o n c e n tr a t io n s  was found on p e r fu s in g  unconjugated  
ch en o d eo x y ch o lic  a c id  in to  th e  jejunum (T ab le 1 0 .3 ) .  I n h ib i t io n  o f  
a b so r p tio n  occu rred  w ith  3 mM s o lu t io n s  of ta u ro ch en o d eo x y ch o lic  a c id  and 
n et s e c r e t io n  w ith  10 mM s o lu t io n .
The e f f e c t  o f  th e  con ju ga ted  and unconjugated  tr ih y d r o x y  b i l e  a c id ,  
c h o l ic  a c id  on n e t  e l e c t r o l y t e  movement in  shown in  T able 1 0 .4 .  Fo 
s t a t i s t i c a l l y  s ig n i f i c a n t  in h ib i t io n  o f  sodium and c h lo r id e  a b so r p tio n  
was found a t any of th e  c o n c e n tr a t io n s  t e s t e d .  The con ju ga ted  and un­
con ju ga ted  form s o f th e  dihydroxy b i l e  a c id s  d e o x y c h o iic  a c id  and cheno­
d e o x y c h o lic  a c id  d id  cause a s t a t i s t i c a l l y  s ig n i f i c a n t  i n h ib i t io n  o f  sodium  
and c h lo r id e  a b so r p tio n  a t a l l  c o n c e n tr a t io n s , and n e t s e c r e t io n  was 
a ls o  se en  (T ab le 1 0 .5 ) .
In  a l l  th e  s tu d ie s  in  w hich g lu c o s e - s a l in e  was a g a in  p e r fu se d  a t  a  
l a t e r  s ta g e ,  th e  a b so r p tio n  o f w ater  and e l e c t r o l y t e s  re tu rn ed  to  normal 
very  r a p id ly . The r e s u l t s  o b ta in ed  in  one such stu d y  u s in g  7 mM d e o x y c h o iic  
a c id  are shown in  F ig u re  1 0 .2 .
DISCUSSlOF
The r e s u l t s  o f  th e  p r e se n t  stu d y  in d ic a te  th a t  th e  d ihydroxy b i l e  
a c id s  d e o x y c h o iic  a c id  and ch en od eoxych o lic  a c id  in h ib i t  w a ter , sodium  
and c h lo r id e  a b so r p tio n  in  th e  proxim al jejunum. They a l s o  cause n e t  
s e c r e t io n  o f w a ter  and e l e c t r o l y t e s ,  e s p e c ia l ly  when p r e se n t  in  h igh  
c o n c e n tr a t io n . These changes occur w hether or not th e  d ihydroxy b i l e  
a c id s  are  p r e se n t  in  th e  f r e e  or con ju gated  form s. In  th e  c o n c e n tr a t io n s  
s tu d ie d , th e  tr ih y d r o x y  b i l e  a c id  c h o l ic  a c id , w hether f r e e  or co n ju g a ted , 
seems to  have no e f f e c t  on a b so r p tio n  from th e  jejunum . The e f f e c t  o f
TABLE 1 0 .3  
MBAF WATER ABSQRPTIOF ( -  S .E .M .) FROM 
CQFTROL SOLUTIOFS AFP SOLUTIQFS GOFTAIFIFG 
CHEFODEOXÏCHOLIG AGID AFP ITS 
TAURIME G OF JUGATE
B i le  a c id C o n cen tra tio n
(mM)
Fo.- o f  
S tu d ie s
Water a b s o lu t io n  
(m l/h  p er  30 cm 
segm ent) S ig n if ic a n c e
G lucose -  
s a l in e
B i l e  a c id o f
d i f f e r e n c e
G henodeoxycholic 3 4 243 + 40 - 1 8  + 22 p < 0 .0 0 2
a c id
5 8 237 + 22 -1 6 5  + 19 p < 0 .0 0 5
7 4 239 + 43 -1 7 2  + 47 p < 0 .0 0 5
10 4 248 + 39 -2 3 1  + 40 p < 0 .0 0 1
Taurecheno­
d e o x y c h o lic  a c id 3 3 264 + 40 58 + 9 p < 0 .0 2






































































































































































































CO CO VO xj- 00 t -





Ü o•H ■H ■H
9 rH iHn3 O O
rdO Ü C3•iH o o
rH Ü Fh


















1—1 r n VO . CM 1—1 1—! u n O c— CM u n
rH 1—1 rH CM rH CM CM rH rH I--1 rH
+  1 +  1 +  1 +  t +  1 +  1 + 1 +  1 +  1 +  1 +  1
CO VO CM c n r n u n VO rH r n CM














•H  Ch  0






 ^ a Aa ü


































































































































































































































































































































































































































d - o o OO d - " d  d *  d "  d " d - o o d -  d - m
m S m un O









































































B  d  
S ü
EH (à
FIGURE 1 0 .2
EFFECT OF UEOXYGHOLIC ACID (?  mM) OR WATER 
ABSORPTION IE 0KB PATIERT, AED RETURN 




Glucose -  
saline7m M -D eoxychoiic  acid
^  300Is














f r e e  or co n ju g a ted  d ihydroxy "bile a c id s  on sm a ll i n t e s t i n a l  a b so r p tiv e  
fu n c t io n  i s  s im i la r  to  th a t  dem onstrated in  th e  c o lo n  by M ekhjian e t  a l  
( 1971)» A lthough  g e n e r a lly  su p p o rtin g  th e  o b se r v a tio n s  made on 
ham sters by Teem and P h i l l i p s  ( l9 ? 2 ) j  th e s e  au th ors found th a t  co n ju g a te s  
o f th e  ch en o d eo x y ch o lic  a c id  d id  n ot in h ib i t  a b s o ip t io n , H a rr ies  and 
Slad en  ( l9 ? 2 )  found th a t  c o n ju g a te s  o f  d ihydroxy b i l e  a c id s  d id  not  
s i g n i f i c a n t l y  i n h ib i t  a b so r p tio n  in  r a t s ,  but th e  r e s u l t s  o f W ingate, 
P h i l l i p s  and Hofmann agree  w ith  th o se  o f  th e  p r e se n t  s tu d y . These 
au th ors a ls o  r ep o r ted  th a t  th e  a d d it io n  o f  l e c i t h i n  to  th e  b i l e  a c id  
s o lu t io n s  a b o lish e d  th e  s e c r e to r y  e f f e c t  of th e  d ihydroxy b i l e  a c id s .
T his f in d in g  s u g g e s ts  th a t  b i l e  a c id s  may m odify f l u i d  movement in  th e  
sm a ll i n t e s t in e  a f t e r  m ea ls , when f a t  a b so r p tio n  has tak en  p la c e .  The 
a d d it io n  o f l e c i t h i n  may d ec r ea se  th e  c r i t i c a l  m ic e l la r  c o n c e n tr a t io n  
o f d ihydroxy b i l e  a c id s ,  th u s  d e c r e a s in g  th e  c o n c e n tr a t io n  o f  b i l e  a c id  
in  m o lecu la r  form , and prob ab ly  red u cin g  t h e ir  a c t i v i t y  ( S m all, 19? l ) ,
No in fo r m a tio n  i s  a v a i la b le  from th e se  s tu d ie s  on th e  mechanism o f  
a c t io n  o f  d ihydroxy b i l e  a c id s .  U nconjugated d ihydroxy  b i l e  a c id s  have  
been  shown to  cause m orp h o log ica l damage to  th e  j e ju n a l  mucosa o f  
ham sters in  v iv o  (Uow-Beer, S ch n e id er  and D obbins, 1970; Teem and P h i l l i p s ,
1972) .  T h is has n ot been  shown w ith  con ju ga ted  d ihydroxy b i l e  a c id s .  
J e ju n a l b io p s ie s  perform ed in  fo u r  o f  th e  s u b je c t s  a t  th e  end o f th e  
p e r fu s io n  in  t h i s  stu d y  were found to  show no h i s t o l o g i c a l  damage, and 
th e  ra p id  r e v e r s i b i l i t y  o f th e  a b s o ip t io n  in h ib i t io n  s u g g e s ts  th a t  no 
p ro lon ged  damage has occu rred  to  th e  je ju n a l  m ucosa. There was no 
in fo rm a tio n  from th e  p r e se n t  stu d y  con cern in g  th e  a b so r p tio n  o f  b i l e  
a c id s  d u rin g  p e r fu s io n . U nconjugated b i l e  a c id s  are p a r t ly  absorbed  
p a s s iv e ly  in  th e  jejunum and p a r t ly  a c t iv e ly  in  th e  ileum ; con ju ga ted  b i l e
67
a c id s  are absorbed a c t i v e ly ,  p r in c ip a l ly  in  th e  d i s t a l  sm a ll i n t e s t i n e ,  
and e s p e c ia l ly  in  th e  ter m in a l ileu m , ( Sm all and D ie tc h y , 1968; Krag 
and P h i l l i p s ,  1974)* As th e  in h ib i t in g  e f f e c t  o f  d ihydroxy b i l e  a c id s  
occurred  w hether th ey  were in  th e  f r e e  or co n ju g a ted  form , i t  i s  u n l ik e ly  
th a t  any a b so r p tio n  o f uncon ju gated  b i l e  a c id s  a f f e c t i n g  th e  j e ju n a l  mucosa 
i s  r e s p o n s ib le  f o r  th e  in h ib i t in g  e f f e c t .  In  a d d it io n  th e r e  was no reason  
why d e c o n ju g a tio n  o f  th e  co n ju g a ted  b i l e  a c id s  may have occurred  during  
th e  p e r fu s io n  and on s e v e r a l  o c c a s io n s  t h i s  was checked by chromatography 
and no d e c o n ju g a tio n  was found .
The e f f e c t  may be m ed iated  by in h ib i t io n  o f sodiura-potassium  a c t iv a t e d  
ATPase (Na—KATpase) (E a ts  and E p s te in , 1 9 6 8 ), G ly c in e  co n ju g a ted  d ihydroxy  
and tr ih y d r o x y  b i l e  a c id s  have been  shown to  in f lu e n c e  i n t e s t i n a l  ATPase 
in  v i t r o ,  bu t th e  e f f e c t s  o f in d iv id u a l  b i l e  a c id s  on ATPase d id  not 
c o r r e la te  w e l l  w ith  t h e ir  e f f e c t  on w ater  a b so r p tio n  in  v iv o .  (Hepner  and 
Hofmann, 1 9 7 3 ). B i l e  a c id  an ion s are s u r f a c e - a c t iv e  m o le c u le s , t h i s  b e in g  
more marked in  d ihydroxy and tr ih y d r o x y  b i l e  a c id s  (P r eh er , Schulman and 
Hofmann, 1967) .  A c t iv e  sodium a b so r p tio n  may be im paired  by in h ib i t io n  
o f Nar-EATPase a c t i v i t y  by d ihydroxy b i l e  a c id ;  a l t e r a t i o n  o f Na-EATPase 
by d eo x y o h o la te  h as been  shown in  an im als (P otgaard  and M o lle r , I 971 ) .  
A nother p o s s i b i l i t y  i s  th a t  th e  d ihydroxy b i l e  a c id s  may a c t iv a t e  c y c l i c  
AMP, To d a te  th e r e  i s  l i t t l e  p o s i t i v e  ev id en ce  su p p o rtin g  t h i s ,  a lth ou gh  
B inder and R aw lins ( 1973)have dem onstrated an a c t iv a t io n  o f adenyl c y c la s e  
in  c o lo n ic  mucosa in  v i t r o  by d ihydroxy b i l e  a c id s .
U nconjugated  d ihydroxy b i l e  a c id s  have a ls o  b een  shown to  have e f f e c t s  
on amino a c id  tr a n sp o r t  (P ope, P ark in son  and O lsen , 1 9 6 6 ), and th e y  a f f e c t  
th e  r e - e s t e r i f i c a t i o n  o f  f a t t y  a c id s  (Pawson and I s s e lb a c h e r , I960; C lark , 
Pans and S e n io r , 1969) ,  and th e  tr a n sp o r t  o f g lu c o s e ,  C lark  e t  a l ,  1 9 6 9 ).
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A l l  th e se  s t u d ie s ,  how ever, were perform ed on a n im a ls .
The s ig n i f ic a n c e  o f th e  r e s u l t s  of t h i s  stu d y  are c o n s id e r a b le .  
D iarrh oea  f o l lo w in g  s t a t e s  o f b a c t e r ia l  overgrow th ( a s  in  th e  b l in d  
loop  syndrome or sm a ll i n t e s t i n a l  d i v e r t i c u lo s i s )  may be accom panied by 
d e c o n ju g a tio n  o f b i l e  a c id s  and fo llo w e d  by dehydroxyl a t io n . Thus, th e  
t o t a l  in tr a lu m in a l c o n c e n tr a t io n  o f d ihydroxy b i l e  a c id s  may be c o n s id e r ­
a b ly  in c r e a se d  in  such  c o n d it io n s ,  (T a b a q ch a li, e t  a l ,  1 9 6 8 ) , T his may 
c o n tr ib u te  to  th e  d ia r rh o ea  e x p er ien ced  by th e se  p a t ie n t s ,  a lth ou gh  some 
degree  o f r e a b s o ip t io n  o f  w ater  and e l e c t r o l y t e s  may occur in  th e  low er  
sm a ll i n t e s t in e  and c o lo n . O ther d ia r r h o e a l c o n d it io n s  may a ls o  be due 
to  in c r e a se d  c o n c e n tr a t io n  o f d ihydroxy b i l e  a c id s  p r e se n t  in  th e  sm a ll  
i n t e s t i n e .  The r e p o r ted  e f f e c t  o f  l e c i t h i n  red u c in g  th e  in h ib i t io n  o f  
a b so r p tio n  w hich occu rs w ith  dihydroxy b i l e  a c id s ,  does su g g e s t  th a t  th e  
c o r r e c t  b a la n ce  o f  l i p i d s ,  b i l e  a c id s  and fo rm a tio n  o f m ixed m ic e l le s  
may be im portant in  m od ify in g  f l u i d  movement in  th e  sm a ll i n t e s t i n e .
Thus f a t  a b so r p tio n  may p la y  a r o le  in  t h i s  c o n tr o l  o f  f l u i d  movement. 
F in a l ly ,  th e  tech n iq u e  o f sm a ll i n t e s t i n a l  p e r fu s io n  w ith  b i l e  a c id s  
has been  shown to  o f f e r  a s u i t a b le  model f o r  a n a ly s in g  s o lu t e / s o lv e n t  
f lo w  r e la t io n s h ip s  in  d i f f e r in g  b u lk  f lo w  c o n d it io n s  w ith  s ta b le  p h y s ic o ­
ch em ica l param eters (W ingate, Krag and M ekhjian, 1 9 7 3 ) . T h is f o l lo w s  
th e  o b se r v a tio n  from such  s tu d ie s  th a t  tran sm uoosa l b u lk  f lo w  and io n  
exchange may be independent p r o c e s s e s .  T h is system  may th e r e fo r e  o f f e r  
a s u i t a b le  model f o r  fu r th e r  s tu d ie s  o f th e se  p r o c e s s e s ,
SUMMARY
The e f f e c t  o f  co n ju g a ted  and uncon ju gated  b i l e  a c id s  in  v a r io u s  
c o n c e n tr a t io n s  on th e  a b so r p tio n  o f  w a ter , sodium and c h lo r id e  in  th e  
proxim al jejunum in  man has been  s tu d ie d  u s in g  a p e r fu s io n  system
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in c o r p o r a t in g  a prox im al o c c lu d in g  b a llo o n .
U nconjugated  c h o l ic  a c id  and i t s  g ly c in e  and ta u r in e  c o n ju g a tes  had 
no s ig n i f i c a n t  e f f e c t  on w ater  and e le c t r o ly t e  a b so r p tio n . U nconjugated  
d e o x y c h o iic  a c id  s i g n i f i c a n t l y  in h ib it e d  w ater  and e l e c t r o l y t e  a b so r p tio n  
a t 3 mM c o n c e n tr a t io n  and n e t  s e c r e t io n  occurred  a t c o n c e n tr a t io n s  o f 
5 mM, 7 mM and 10 mM, S im ila r  r e s u l t s  were found when ta u r o d e o x y ch o lic  
and g ly c o d e o x y c h o lic  a c id  s o lu t io n s  were u sed , A g r e a te r  e f f e c t  was 
n oted  when h ig h e r  c o n c e n tr a t io n s  o f  b i l e  a c id s  were u sed .
U nconjugated  ch en o d eo x y ch o lic  a c id  caused  n e t w ater  and e l e c t r o l y t e  
s e c r e t io n  a t  3 mM c o n c e n tr a t io n  and t h i s  e f f e c t  became more marked w ith  
h ig h e r  b i l e  a c id  c o n c e n tr a t io n s . I n h ib i t io n  o f  a b so r p tio n  a ls o  occurred  
w ith  ta u ro ch en o d eo x y ch o lic  a c id  in  a c o n c e n tr a t io n  o f  3 mM, and n e t  
s e c r e t io n  a t a c o n c e n tr a t io n  of 10 mM.
The r e s u l t s  show th a t  d ihydroxy b i l e  a c id s ,  co n ju g a ted  or u n con ju gated , 
in h ib i t  w ater  and e l e c t r o l y t e  a b s o ip t io n  in  th e  p rox im al jejunum in  low  
c o n c e n tr a t io n  and cau se  n e t s e c r e t io n  in  h ig h  c o n c e n tr a t io n .
These r e s u l t s  may be im portant in  th e  p a th o g e n e s is  o f  d ia rrh o ea  
a s s o c ia t e d  w ith  c o n d it io n s  o f  b a c t e r ia l  overgrow th as in  th e  b lin d —loop  
syndrome and in d ic a t e  th e  im portance o f b i l e  a c id s  and p rob ab ly  l i p i d s  
in  b a la n c in g  f l u i d  movement in  th e  sm a ll i n t e s t i n e .
CHAPTER 11
EFFECT OF LIPIDS ON WATER 




The f in d in g s  rep o rted  in  th e  p rev io u s  ch ap ter  th a t  d ihydroxy h i l e  
a c id s ,  w hether con ju ga ted  or d econ ju ga ted , s i g n i f i c a n t l y  in h ib i t  je ju n a l  
a b so r p tio n  o f  w ater  and e l e c t r o l y t e s ,  and th e  rep o r te d  improvement o f  t h i s  
in h ib i t io n  by th e  a d d it io n  o f l e c i t h i n  (W ingate, P h i l l i p s  and Hofmann, 1973) 
r a is e s  th e  p o s s i b i l i t y  th a t  th e  b a la n ce  o f b i l e  a c id s  and l ip i d s  w ith in  
th e  jejunum may have some e f f e c t  on th e  normal w ater  and e le c t r o l y t e  
b a la n ce  in  th e  smaTl in t e s t in e  a f t e r  a m eal. The e f f e c t  o f  l i p i d s  
th em se lv es  on sm a ll i n t e s t i n a l  w ater  and e l e c t r o l y t e  a b so r p tio n  i s  
co n seq u en tly  o f im portance.
The r e la t io n s h ip  o f some l i p i d s  to  th e  p a th o g e n e s is  o f  d ia rrh o ea  
has been  known f o r  some tim e . Hydroxy f a t t y  a c id s  w ere id e n t i f i e d  i n i t i a l l y  
in  human f a e c e s  by Jam es, Webb and K e llo c k  ( 1961) who su g g e s te d  th a t  th e se  
compounds m ight a c t  as c a th a r t ic s  in  p a t ie n t s  w ith  s te a to r r h o e a . Hydroxy 
f a t t y  a c id s  are form ed w ith in  th e  in t e s t in e  by b a c t e r ia l  h y d r a tio n  o f  
u n sa tu ra ted  d ie ta r y  f a t t y  a c id s  (Thomas, 1 9 7 2 ). They are commonly found  
in  th e  f a e c e s  in  v a r io u s  d ia r r h o e a l s t a t e s  (W igg in s, P earson , R u s s e l l ,  e t  
a l ,  1974) .  Hydroxy f a t t y  a c id s  have been  shown to  provoke w ater  s e c r e t io n  
in  th e  r a t  c o lo n  (B r ig h t-A sa re  and B in d er, 1973) and to  .- in h ib it  th e  
a b so r p tio n  o f  w ater  and e l e c t r o l y t e s  by th e  c o lo n  in  man (Ammon and P h i l l i p s ,
1973) .  In  th e  ileum  o f d ogs, w ater a b so r p tio n  was in h ib it e d  not on ly  
by hydroxy s t e a r i c  a c id  and r i c i n o l e i c  a c id  but a ls o  by o l e i c  a c id  (Ammon 
and P h i l l i p s ,  1 9 7 4 ).
AIM OF STUDY
The im portance o f l i p i d s  in  a l t e r in g  w ater  and e l e c t r o l y t e  a b so r p tio n  
in  th e  jejunum in  man thus r e q u ir e s  to  be in v e s t ig a te d  and th e  aim o f  
t h i s  stu d y  i s  to  in v e s t ig a t e  th e  e f f e c t  o f l i p i d  a d m in istered  in  th e  
form o f  an em u lsion  on w ater  and e le c t r o l y t e  a b so r p tio n  in  th e  jejunum in  
man.
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SUBJECTS AND METHODS 
S u b je c ts
S ix  normal c o n tr o l su b jec ts-  w ith  no e v id en ce  o f g a s t r o - in t e s t i n a l  
d is e a s e ,  and two p a t ie n t s  known to  have ch ro n ic  p a n c r e a t i t i s  o f  some 
y e a r s ’ d u r a tio n  to o k  p a r t in  th e  s tu d y . The d ia g n o s is  o f  ch ron ic  
p a n c r e a tic  in s u f f i c i e n c y  had been  d iagn osed  p o s i t i v e l y  by a s e c r e t in -  
pancreozym in s t im u la t io n  t e s t .
C om position  o f  p e r fu s in g  s o lu t io n s
The i n i t i a l  c o n tr o l p e r fu sa te  c o n s is t e d  o f  i s o —osm otic  g lu c o s e -  
s a l in e  w ith  a g lu c o se  c o n c e n tr a t io n  o f  56 mM, and an o s m o la lity  o f 
300 m. o s m o l / l .
The l i p i d  p e r fu sa te  c o n s is t e d  o f g lu c o s e - s a l in e ,  to  w hich was added 
g ly c e r o l  t r i o l e a t e  ( Sigma C h em icals, 99^ pure) to  a f i n a l  c o n c e n tr a t io n  
o f  5 mM, and sodium ta u r o c h o la te , to  a f i n a l  c o n c e n tr a t io n  o f  2 .5  mM.
A fte r  a d d it io n  o f t r ig ly c e r id e  and b i l e  a c id  to  th e  s o lu t io n ,  é m u ls if ­
i c a t io n  was a s s i s t e d  by in s o n a t io n  f o r  15 m in u tes . (mSE 100 w att u l t r a ­
s o n ic  d i s in t e g r a t o r ) .  The r e s u lta n t  em u lsion  was s ta b le  throughout th e  
s tu d y , had a f i n a l  pH o f 7*4 and an o s m o la lity  o f 308 m. o s m o ls / l ,
P h en o lsu lp h o n p h th a le in  (PSP) in  a c o n c e n tr a t io n  o f 5 g / l  and 51Cr 
EDTA were added as aqueous phase m arkers.
E xp erim en ta l procedure and a n a ly t i c a l  methods
The p e r fu s io n  tech n iq u e  used  was a t r ip le - lu m e n  tube system  as 
d e sc r ib e d  in  C hapter 4* No o c c lu d in g  b a llo o n  was u sed  in  t h i s  s tu d y .
The exp er im en ta l procedure and a n a ly t i c a l  methods were as p r e v io u s ly  
d e sc r ib e d  in  C hapter 9 . Each s u b je c t  and p a t ie n t  was p e r fu se d  i n i t i a l l y  
w ith  th e  c o n tr o l  g lu c o s e - s a l in e  s o lu t io n  and a f t e r  an e q u i l ib r a t io n  
p e r io d  o f 45 -6 0  m in u tes , 3 t e n  m inute c o l l e c t i o n s  w ere made. The l i p i d  
em u lsion  was th en  p e r fu se d  and, a f t e r  a fu r th e r  p e r io d  o f e q u i l ib r a t io n ,  
7—8 te n  m inute c o l l e c t i o n s  were made. Each s u b je c t  th u s a c te d  as h i s  own
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c o n tr o l in  t h i s  stu d y ,
RESULTS
The r e s u l t s  o f p e r fu s in g  th e  l i p i d  em u lsion  compared w ith  c o n tr o l  
s o lu t io n s  in  th e  normal s u b je c t s  and two p a t ie n t s  w ith  ch ro n ic  p a n c r e a tic  
in s u f f i c i e n c y  are shown in  Table 1 1 .1 .  The a b so r p tio n  f ig u r e s  f o r  th e  
c o n tr o l s o lu t io n  are th e  mean o f  3 te n  m inute c o l l e c t i o n  p e r io d s  f o r  
each p a t ie n t  p r io r  to  th e  in tr o d u c t io n  of th e  l i p i d  em u lsion . The 
a b so r p tio n  f ig u r e  during  p e r fu s io n  o f  th e  em u lsion  i s  th e  mean o f 7 ot 
8 te n  m inute c o l l e c t i o n  p e r io d s . In  th e  normal c o n tr o l  s u b je c t s  th e  
mean w ater  a b so r p tio n  in  th e  c o n tr o l p e r io d  was 256 + 2 1 .7  m l/h r . When 
th e  l i p i d  em u lsion  was p e r fu se d  th e  mean w ater  a b so r p tio n  in  th e  c o n tr o l  
s u b je c ts  was 45*6 + 4»0? s t a t i s t i c a l l y  s ig n i f i c a n t l y  l e s s  than  th e  a b so r p tio n  
when th e  c o n tr o l  s o lu t io n  was p e r fu se d  ( p < 0 , 0 0 l ) .  The mean sodium  
a b so r p tio n  o f  th e  group in  th e  c o n tr o l  p e r io d  was 2 4 .3  + 0 .5  m .m ol/hr  
w hich was s t a t i s t i c a l l y  s ig n i f i c a n t l y  g r e a te r  th an  th e  mean sodium ab­
s o r p t io n  when th e  l i p i d  em u lsion  was in tro d u ced  ( 1 5 .8  + 1 . 5  m .m ol/hr ( 
( p < 0 . 0 5 ) .  A s im ila r  s ig n i f i c a n t  d i f f e r e n c e  was ob served  w ith  th e  
c h lo r id e  a b so r p tio n  during  th e  c o n tr o l p e r io d . In  a l l  c a s e s  a s t a t i s t i c a l l y  
s ig n i f i c a n t  r e d u c tio n  o f  a b so r p tio n  o f w ater , sodium and c h lo r id e  was 
ob served  in  th e s e  c o n tr o l s u b je c t s  when th e  l i p i d  em u lsion  was p e r fu se d  
in to  th e  jejunum.
In  th e  p a t ie n t s  w ith  ch ro n ic  p a n c r e a t i t i s ,  th e  w ater  a b so r p tio n  in  
th e  c o n tr o l p e r io d  in  th e  two p a t ie n t s  s tu d ie d  was 334 m l/hour and 220 m l/  
hour r e s p e c t iv e ly .  These f ig u r e s  d id  n o t appear to  d i f f e r  from th e  
e q u iv a le n t  f ig u r e s  f o r  w ater  a b so r p tio n  when th e  l i p i d  em u lsion  was 
in tro d u ced  in  th e  same two p a t ie n t s  ( 36I m l/hour and 194 m l/hour r e s p e c t iv e ly ) ,  
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and during  l i p i d  em u lsion  p e r fu s io n  was th e r e fo r e  227 m l/hour and 
278 m l/h ou r. The mean sodium a b so r p tio n  d u rin g  th e  c o n tr o l  p e r io d  
was 2 6 ,9  m ,m ol/hour in  th e se  two p a t ie n t s  and 2 7 .2  m .m ol/hour during  
l i p i d  em u lsion . Eo marked d i f f e r e n c e  was ob served  a ls o  w ith  c h lo r id e  
a b so r p tio n  in  th e  two s u b je c t s .
Discussion
The r e s u l t s  o f t h i s  stu d y  dem onstrate a s t a t i s t i c a l l y  s ig n i f i c a n t  
r e d u c tio n  in  a b so r p tio n  o f  w a ter , sodium and c h lo r id e  in  normal s u b je c t s  
p e r fu se d  w ith  a l i p i d  em u lsion  compared w ith  th e  a b so r p tio n  c a lc u la te d  
in  th e  same s u b je c t s  p e r fu se d  w ith  a g lu c o se —s a l in e  s o lu t io n .  However, 
in  two p a t ie n t s  w ith  ch ro n ic  p a n c r e a tic  in s u f f i c i e n c y  th e  mean w a ter , 
sodium and c h lo r id e  a b so r p tio n  was o f th e  same ord er o f  th a t  found  
during p e r fu s io n  o f th e  stan dard  g lu c o se —s a l in e  s o lu t io n ,
Ammon, Thomas and P h i l l i p s  ( l9 7 4 )  dem onstrated  th a t  o l e i c  a c id  
and r i c i n o l e i c  a c id  s i g n i f i c a n t l y  reduced th e  a b so r p tio n  o f  w ater and 
e l e c t r o l y t e s  in  th e  human jejunum and indeed  in  some in s ta n c e s  induced  
f l u i d  s e c r e t io n .  The e f f e c t  was n oted  to  be r a p id ly  r e v e r s ib le .  They 
found th a t  th e  a d d it io n  o f  l e c i t h i n  and m onolein  d id  n ot d im in ish  th e  
s e c r e to r y  e f f e c t  o f r i c i n o l e i c  a c id . These au th ors were in t e r e s t e d  in  
th e  f a c t  th a t  lO -d ih y d r o s y s te a r ic  a c id  (a  b a c t e r ia l  m e ta b o lite  o f  o l e i c  
a c id ) ,  s t r u c t u r a l ly  resem b les r i c i n o l e i c  a c id , R ic in o le ic  a c id  i s  a 
known c a th a r t ic  im p lic a te d  in  th e  p a th o g e n e s is  o f  d ia r rh o ea  a s s o c ia te d  
w ith  s te a to r r h o e a  (Webb, James and K e llo c k , I 9 6 I; Kim and S p r i t s ,  1 9 6 8 ),
In  th e  normal c o n tr o l group, p e r fu se d  w ith  a l i p i d  em u lsion , l i p o l y s i s  
o f  g ly c e r o l  t r i o l e a t e  probab ly  occu rred , r e s u l t in g  in  th e  r e le a s e  o f o l e i c  
a c id  which has appeared from our s tu d ie s  to  be absorbed a lm ost im m ed ia te ly . 
T h is in fo rm a tio n  i s  b ased  on a b so r p tio n  d ata  b ased  on s tu d ie s  u s in g  I 4C 
o l e i c  a c id  and 3H g ly c e r o l  t r i e t h e r  (U ersk ow itch  and R u s s e l l ,  1 9 7 4 ). I t  i s
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co n s id er e d  th a t  th e  r e d u c tio n  in  normal a b so r p tio n  o f  w ater  and e le c t r o ­
l y t e s  in  th e se  normal s u b je c t s  may be caused  by o l e i c  a c id . R ic in o le ic  
a c id  (12 h yd roxyoctad econ ic  a c id )  i s  th e  a c t iv e  p r in c ip le  o f c a s to r  o i l .
The mechanism o f th e  d ia rrh o ea  caused by t h i s  compound may be p a r t ly  due 
to  an e f f e c t  on w ater  and e le c t r o l y t e  a b so r p tio n  in  th e  upper sm a ll i n t e s t in e  
as dem onstrated  in  t h i s  pap er, a lth ou gh  o th e r  f a c t o r s  may w e l l  be in v o lv e d .  
O le ic  a c id  may a ls o  a l t e r  i n t e s t i n a l  m o t i l i t y  (iw ao and Terada, I 962 ) ,  
in c r e a s e  mucus s e c r e t io n  ( Schmid, 1952) and may a ls o  d e c r ea se  sodium  
tra n sp o r t  in  v i t r o  ( P h i l l i p s ,  Love and M itc h e ll ,  1 9 6 5 ), T h is p o s s i b i l i t y  
i s  fu r th e r  supp orted  by th e  f in d in g  o f a normal range o f w ater  and 
e l e c t r o l y t e  a b so r p tio n  in  th e  p a t ie n t s  w ith  ch ro n ic  p a n c r e a t ic  d is e a s e .
These p a t ie n t s  had reduced l i p o l y s i s  due to  th e  c h ro n ic  p a n c r e a tic  
d e f ic ie n c y  and f o l lo w in g  t h i s ,  presum ably reduced a b so r p tio n  o f  t r i ­
g ly c e r id e  from th e  o i l  p h a se . Thus l e s s  o l e i c  a c id  i s  r e le a s e d  which  
th e r e fo r e  w i l l  be u n ab le  to  cause damage to  th e  a b so r p tio n  m echanism s.
From th e  r e s u l t s  o f  t h i s  stu d y  i t  would appear th a t  d ie ta r y  l ip i d s  
in  a d d it io n  to  b i l e  a c id s  have an im portant p a r t  to  p la y  in  r e g u la t in g  
f l u i d  and e l e c t r o l y t e  b a la n ce  in  th e  upper sm a ll i n t e s t i n e .  Should an  
im balance occu r f o r  any reason  ( b i l e  a c id  d e f ic ie n c y  or  im paired  f a t  
a b so r p tio n ) th e n  an im balance o f th e  b i l e  a c id s  and l i p i d s  w i l l  occur and 
some in h ib i t io n  o f w ater  and e le c t r o l y t e  a b so r p tio n  e i t h e r  from dihydroxy  
b i l e  a c id s  or f a t t y  a c id s  may f o l lo w .
When l i p o l y s i s  i s  normal but f a t  a b so r p tio n  i s  im paired , a lo n g e r  
area  o f i n t e s t in e  i s  exposed  to  f a t t y  a c id s ,  and in  s te a to r r h o e a , th e  
w hole sm a ll i n t e s t in e  and c o lo n  may be exposed  to  e x c e s s  f a t .  Thus, marked 
i n h ib i t io n  o f w ater  and e l e c t r o l y t e  a b so r p tio n  i s  l i k e l y  to  f o l lo w  and 
s e c r e t io n  o f  f l u i d  may occu r.
SUMMARY
The e f f e c t  o f a l i p i d  em u lsion  on je ju n a l  w ater  and e l e c t r o l y t e
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a b so r p tio n  has been  determ ined  in  s i x  normal c o n tr o l  s u b je c t s  and in  two 
p a t ie n t s  w ith  c h ro n ic  p a n c r e a tic  in s u f f i c i e n c y ,  each p a t ie n t  a c t in g  
as h is  own c o n tr o l .
A s t a t i s t i c a l l y  s ig n i f i c a n t  r e d u c tio n  o f  j e ju n a l  a b so r p tio n  o f  w ater  
and e l e c t r o l y t e s  was observed  in  a l l  c o n tr o l s u b je c t s  in  w hich th e  
em u lsion  was p e r fu se d  compared w ith  th e  c o n tr o l  p e r io d  in  which g lu c o s e -  
s a l in e  s o lu t io n  was p e r fu se d . The two p a t ie n t s  w ith  ch ro n ic  p a n c r e a tic  
in s u f f i c i e n c y  who had im paired  l i p o l y s i s  had normal a b so r p tio n  o f  w ater  
and e l e c t r o l y t e s  b e fo r e  and d u rin g  p e r fu s io n  o f  th e  em u lsion .
These r e s u l t s  su g g e s t  th a t  a c o r r e c t  b a la n ce  betw een  b i l e  a c id s  and 
l i p i d s  i s  e s s e n t i a l  f o r  c o r r e c t  f l u i d  and e le c t r o l y t e  b a la n ce  in  th e  
upper jejunum.
CHAPTER 12
THE EFFECT OF THE DIURETIC 
FRUSEMIDE OH WATER AND 




The e f f e c t  o f chem ica l s t im u la n ts  such as d ihydroxy "bile a c id s ,  
hydroxy f a t t y  a c id s  and o l e i c  a c id  on w ater  and e l e c t r o l y t e  tra n sp o r t  
in  th e  jejunum le a d s  to  a c o n s id e r a t io n  of th e  e f f e c t  o f v a r io u s  
drugs on je ju n a l  w ater  and e le c t r o l y t e  a b so r p tio n . R ic in o le ic  a c id  
i s  th e  a c t iv e  p r in c ip a l  o f c a s to r  o i l .  C a th a r t ic s  o f  th e  anthraquinone  
group may a ls o  s t im u la te  i n t e s t i n a l  s e c r e t io n .  (F o r th , Rummel and 
B a ld a u f, 1 9 6 6 ).
A la r g e  number o f  o th e r  drugs may how ever, cause d ia r rh o ea .
The a d m in is tr a t io n  o f  fru sem id e  i s  o c c a s io n a l ly  a s s o c ia t e d  w ith  
d ia rrh o ea  a s  an unwanted s id e  e f f e c t  (Cooperman and Rubin, 1973;
Kennedy, 1 9 7 4 ). As fru sem id e  i s  c o n sid ered  to  be an in h ib i t o r  o f  
r e n a l tr a n sp o r t  mechanisms (Knox, W right, Howards e t  a l ,  1 9 6 9 ), i t  
i s  p o s s ib le  th a t  i n t e s t i n a l  tr a n sp o r t  mechanisms may a ls o  be a l t e r e d  by 
th e  drug. The p r in c ip a l  a c t io n  o f fru sem id e on th e  k idney  i s  s im ila r  
to  th a t  o f e th a o r y n ic  a c id , namely in h ib i t io n  o f  sodium r e a b so r p tio n  
in  th e  a scen d in g  loop  o f  H enle (Cannon and K ilc o y n e , 1 9 6 9 ). Amongst 
o th e r  a c t io n s ,  e th a c r y n ic  a c id  has been  shown to  in h ib i t  w ater  
a b so r p tio n  by ham ster gut s a c s ,  s e c r e t io n  o c c u r r in g  w ith  h ig h e r  dosage  
(B in d er , K atz, Spencer e t  a l ,  1 9 6 6 ), A r e d u c tio n  o f  sodium a b so r p tio n  
h as a ls o  b een  n o ted  in  i s o la t e d  r a b b it  ileum  a f t e r  m ucosal a p p l ic a t io n  
o f  e th a c r y n ic  a c id  (A l-A w qu ati, F ie ld  and Greenough, 1 9 7 4 ) . I f  fru sem id e  
were to  a l t e r  th e  w ater  a b so r p tio n  mechanism in  t h i s  way in  th e  human 
jejunum, a p o s s ib le  e x p la n a tio n  o f  fru sem id e-in d u ced  d ia rrh o ea  would be 
found .
The aim o f  t h i s  in v e s t ig a t io n  was thus to  stu d y  th e  e f f e c t  o f  
fru sem id e  on je ju n a l  a b so r p tio n  o f w ater and e le c t r o l y t e s  u s in g  th e  
tech n iq u e  o f s m a l l - in t e s t in a l  p e r fu s io n .
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SUBJECTS AHD METHODS 
S u b je c ts
The stu d y  was perform ed on tw e lv e  normal v o lu n te e r  s u b je c t s  who 
gave in form al con sen t f o r  th e  procedure to  be perform ed.
C om position  o f p e r fu s in g  s o lu t io n s
For t h i s  s tu d y , th e  p e r fu s in g  s o lu t io n  c o n ta in e d  sodium ( 14O m .m o l/l) , 
p otassiu m  (5  m ,m o l/l ) ,  c h lo r id e  (lOO m ,m o l/l) ,  b ic a rb o n a te  (45  m ,m o l/l)  
and g lu c o se  ( l l , 2  m ,m o l/l ) .  The o s m o la lity  was 300 m ,o sm o l/l ,
P h en o lsu lp h o n p h th a le in  (PSP: I 50 m g /l ) ,  and in  some s u b je c t s ,
14 ,^—p o ly e th y le n e  g ly c o l  4OOO ( I g / l ) , (W ingate, Sandberg and P h i l l i p s ,
1972) were u sed  as w a te r -s o lu b le ,  n on-absorbab le m arkers.
Technique, exp er im en ta l procedure and a n a ly t ic a l  m ethods.
The stu d y  was perform ed by th e  tech n iq u e  o f sm a ll i n t e s t i n a l  
p e r fu s io n  w ith  a double—lumen tube w ith  proxim al o c c lu d in g  b a llo o n s  
and a m ixing  segm ent 30 cm lo n g , (b ased  on th a t  o f P h i l l i p s  and 
Sum m erskill, 1966 and d e sc r ib e d  in  Chapter 9)* Im m ediately proxim al 
to  t h i s  were two o c c lu d in g  b a llo o n s  and above t h i s  was a fu r th e r  
c o l l e c t i o n  p o in t  f o r  removal o f th e  f l u i d  c o l l e c t i n g  above th e  o c c lu d in g  
b a llo o n s .  The tube was p a ssed  under X—ray c o n tr o l ,  w ith  an image 
i n t e n s i f i e r ,  u n t i l  th e  b a llo o n s  were a t th e  ligam en t o f T r e itz ,
Lack o f  con tam in ation  by th e  p e r fu sa te  o f  f l u i d  a s p ir a te d  above 
th e  b a llo o n s  was dem onstrated  in  th e  en su in g  IO -I5 m in, by m easuring  
marker c o n c e n tr a t io n . A f te r  a 50-60  m inute e q u i l ib r a t io n  p e r io d , 
th r ee  se p a r a te  ten -m in u te  c o l l e c t i o n s  were ta k en , fru sem id e  (20  mg or  
40 mg), a d m in istered  in tr a v e n o u s ly , and tei>-m inute c o l l e c t i o n s  con tin u ed  
f o r  50 or 60 m in u tes . Each s u b je c t  in  the stu d y  th u s a c te d  as h i s  own 
c o n tr o l ,
5 s u b je c t s  were g iv e n  fru sem id e 20 mg and 7 were g iv e n  fru sem id e in  
a dose o f 40 mg, in tr a v e n o u s ly .
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W ater, sodium , p o tassiu m  and c h lo r id e  a b so r p tio n  was c a lc u la te d  
by m easuring th e  change in  c o n c e n tr a t io n  o f  th e  n on -ab sorb ab le  markers 
and u s in g  th e  form u la  f o r  th e  doub le-lum en tube p e r fu s io n  system . 
S t a t i s t i c a l  methods
The s t a t i s t i c a l  s ig n i f ic a n c e  o f th e  r e s u l t s  was a s s e s s e d  by th e  
p a ir e d  t —t e s t .
RESULTS
The e f f e c t  o f 20 mg fru sem id e  on w ater  and e l e c t r o l y t e  a b so r p tio n  
from  th e  jejunum in  5 s u b je c t s  i s  shown in  Table 1 2 ,1 , Ho s ig n i f i c a n t  
change in  tr a n sp o r t  was ob served , A s a t i s f a c t o r y  d iu r e s i s  occu rred  in  
a l l  5 s u b j e c t s .
The mean n e t  w ater  and e le c t r o l y t e  a b so r p tio n  a f t e r  40 mg o f  
fru sem id e  i s  shown in  T able 12,2, The r e d u c tio n  in  n e t  a b so r p tio n  o f  
w ater  i s  s t a t i s t i c a l l y  s ig n i f i c a n t  a t  20 , 30, 40 , and 50 m in. The 
r e d u c tio n  in  n e t sodium a b so r p tio n  i s  s ig n i f i c a n t  a t  30, 40 and 50 min 
and th e  r e d u c tio n  in  n e t p otassiu m  a b so r p tio n  s ig n i f i c a n t  a t  40 and 50 
m in. There was a n e t  s e c r e t io n  o f c h lo r id e  in  some s u b je c t s  and a 
r a th e r  low a b so r p tio n  ( i n  r e la t io n  to  th e  sodium a b so r p tio n ) in  th e  
rem ainder -  th e  e f f e c t  o f fru sem id e  in  a dose o f  ' 40 mg,, i s  to  in c r e a s e  
th e  n e t  s e c r e t io n  s i g n i f i c a n t l y  a t  40 and 50 m in.
The mean u r in a iy  w ater e x c r e t io n  ( -  S .E .M .) b e fo r e  and a f t e r  40 mg 
o f fru sem id e  was 137*6 -  2 8 ,5  m l/h r  and 1378 -  1 7 6 ,1  m l/h r  r e s p e c t iv e ly ,  
and sodium e x c r e t io n  b e fo r e  and a f t e r  th e  same dose o f  fru sem id e was 
1 0 ,9  — 3 .1  mmol/hr and 1 5 6 ,3  — 2 1 ,2  mmol/hr r e s p e c t iv e ly .
The change in  a b so r p tio n  a f t e r  fru sem id e  was s t a t i s t i c a l l y  s ig n i f i c a n t  
w hether p o ly e th y le n e  g ly c o l  or th e  P henol Red d a ta  were u sed  to  
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c a lc u la t e d  from p o ly e th y le n e  g ly c o l  d a ta  was c o n s is t e n t ly  l e s s  than  
when PSP d a ta  were u sed .
Discussion
The r e s u l t s  o f t h i s  stu dy in d ic a te  th a t  fru se m id e , a d m in istered  
in tr a v e n o u s ly  in  a dose o f 40 mg. s i g n i f i c a n t l y  a l t e r s  th e  tra n sp o r t  
mechanisms o f w ater  and e l e c t r o l y t e s  in  th e  jejunum . Ho s ig n i f i c a n t  
e f f e c t  i s  found  w ith  20 mg. fru se m id e . I n h ib i t io n  o f w ater and e le c t r o ­
l y t e  a b so r p tio n  occu rred  in  a l l  s u b j e c t s ,  and mean n e t s e c r e t io n  o f  
sodium occu rred  4 0 | 50 and 60 m inutes a f t e r  th e  in j e c t io n ,  A mean 
n et c h lo r id e  s e c r e t io n  was a ls o  ob served  in  m ost s u b je c t s  and was p r e se n t  
in  some in  th e  c o n tr o l  p e r io d . T h is i s  probably  r e la t e d  to  th e  
c o m p o sitio n  o f  th e  b io a r b o n a te -c o n ta in in g  p e r fu s a te .
The mechanism of a c t io n  of fru sem id e in  in h ib i t in g  je ju n a l  
a b so r p tio n  of e l e c t r o l y t e s  and w a ter , w arrants fu r th e r  in v e s t ig a t io n .  The 
d iu r e t i c s  fru sem id e  and e th a c r y n ic  a c id  are c o n s id er e d  to  a c t  on th e  
k id n ey  in  a s im i la r  way, and e th a c r y n ic  a c id  i n h ib i t s  w ater  a b so r p tio n  in  
ham ster gut s a c s  and may cau se  s e c r e t io n ,  (B in d e r , K atz , Spencer e t  a l ,  
1966) ,  Both th e s e  d iu r e t i c s  are p o te n t  in h ib it o r s  o f  Ha/K ATPase enzyme 
system  in  v iv o  and in  v i t r o  (Knox, W right, Howards e t  a l ,  1969; Duggan 
and H o ll ,  I 965 ) ,  E th a o ry n ic  a c id , how ever, has a ls o  been  shown to  
in h ib i t  c h o le r a  t o x in  induced i n t e s t i n a l  s e c r e t io n ,  and r e v e r s e s  c y c l i c  
AMP — m ed iated  i n t e s t i n a l  s e c r e t io n ,  (A l-A w q ati, F i e ld ,  Greenough, 1 9 7 4 ). 
C y c lic  AMP prob ab ly  s t im u la te s  i n t e s t i n a l  s e c r e t io n  by i t s  e f f e c t  on 
c h lo r id e  movement, and t h i s  appears to  be s p e c i f i c a l l y  in h ib it e d  by 
e th a c r y n ic  a c id . I t  does not r e s u l t  from e th a c r y n ic  a c id  in h ib i t io n  o f  
c y c l i c  AMP i t s e l f .  These r e p o r ts  su g g e st  th a t  th e  e f f e c t  o f e th a c r y n ic  
a c id  and fru sem id e  in  in h ib i t in g  e le c t r o l y t e  and w a ter  a b so r p tio n  in
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th e  jejunum may he r e la t e d  to  t h e ir  e f f e c t  on th e  Ha/K ATPase system , 
r a th e r  th an  to  any r e la t io n s h ip  to  c y c l i c  AMP.
C h lo r o th ia z id e  has b een  shown to  in h ib i t  w ater  and e l e c t r o l y t e  
a b so r p tio n  from th e  human c o lo n  (L e v ita n , 1 9 7 2 ), and in h ib i t io n  o f sodium  
and p o tassiu m  has been  dem onstrated  in  th e  r a t  ileum  by c h lo r o th ia z id e ,  
a ce ta zo lea m id e  and fru sem id e . (strom beck  and Ingraham, 1 9 7 2 ).
The r e s u l t s  of th e  stu d y  may e x p la in  th e  d ia rrh o ea  w hich may 
occur when fru sem id e  i s  a d m in istered  in  la r g e  d o s e s , a s  in  some 
p a t ie n t s  w ith  r e n a l d i s e a s e .  They a ls o  r a is e  im portant q u e s t io n s  
r e la t in g  to  th e  a b so r p tio n  o f drugs (su ch  a s  d ig o x in )  w hich may be 
g iv e n  w ith  a d iu r e t i c  such  a s  fru se m id e . Reduced a b so r p tio n  o f  such  
d ru gs, i f  g iv e n  w ith  fru sem id e , may n e c e s s i t a t e  an a l t e r a t io n  o f  dosage  
regim es and r e q u ir e s  fu r th e r  in v e s t ig a t io n  to  determ in e w hether fru sem id e  
has such an e f f e c t  on d ig o x in  a b so r p tio n , i f  th e s e  two drugs are admin­
i s t e r e d  to g e th e r .
8 l
SUIMARY
Frusem ide, in  a dose o f 40 iGg a d m in istered  in tr a v e n o u s ly , s i g n i f i c a n t l y  
reduced th e  a b so r p tio n  o f  w ater  and e l e c t r o l y t e s  from th e  human jejunum, 
a double—lumen p e r fu s io n  system  w ith  proxim al o c c lu d in g  b a llo o n s  b e in g  
u sed . Het s e c r e t io n  o f w ater and e le c t r o l y t e s  occu rred  in  some s u b j e c t s .
Ho s ig n i f i c a n t  change in  w ater  and e l e c t r o l y t e  a b so r p tio n  was 
ob served  w ith  20 mg o f  fru sem id e .
These f in d in g s  may e x p la in  th e  d ia rrh o ea  w hich may be induced by 
fru sem id e  in  some p a t ie n t s  and may be o f  im portance in  r e la t io n  t o  th e  
a b so r p tio n  o f drugs such  a s  D ig o x in , w hich may be a d m in istered  a t  th e  




The r e s u l t s  o f th e  s tu d ie s  rep o rted  in  t h i s  s e c t io n  are o f  im portance  
in  g a in in g  a fu r th e r  know ledge o f  the p h y s io lo g ic a l  mechanisms in v o lv e d  
in  w ater  and e l e c t r o l y t e  b a la n ce  in  th e  jejunum and a ls o  in  e x p la in in g  th e  
p a th o g e n e s is  o f some form s o f d ia r rh o ea .
The d ihydroxy b i l e  a c id s  d e o x y c h o lic  and ch en o d eo x y o h o lic  a c id , w hether  
con ju ga ted  or u n con ju gated , were found to  s i g n i f i c a n t l y  in l ï ib i t  w ater  and 
e le c t r o l y t e  a b so r p tio n  in  th e  jejunum and cause s e c r e t io n  o f f l u i d  in  
h ig h e r  concentration®  T h is e f f e c t  ha s^ been shown to  be m od ified  b y ' th e  
a d d it io n  o f th e  p h o sp h o lip id , l e c i t h i n .
The in tr o d u c t io n  o f  a l i p i d  em u lsion  a ls o  appears to  in h ib i t  w ater  
and e l e c t r o l y t e  a b so r p tio n  in  th e  jejunum and t h i s  i s  a t tr ib u t e d  to  th e  
r e le a s e  o f o l e i c  a c id  fo l lo w in g  l i p o l y s i s .  F u rth er  e v id en ce  su p p o rtin g  
t h i s  comes from  th e  f a c t  th a t  p e r fu s io n  in  p a t ie n t s  w ith  ch ro n ic  p a n c r e a t i t i s  
has no s ig n i f i c a n t  in h ib it o r y  e f f e c t  on w ater  and e le c t r o l y t e  a b so r p tio n  
in  th e  jejunum . In  such p a t ie n t s  l i p o l y s i s  i s  i n e f f i c i e n t  b ecau se  o f  
p a n c r e a tic  enzyme in s u f f i c i e n c y .
The r e s u l t s  o f th e se  two s tu d ie s  tak en  to g e th e r  em phasise th a t  b i l e  
a c id  and l i p i d s  have an im portant p a rt to  p la y  in  nozmial w ater  and 
e l e c t r o l y t e  b a la n ce  during  d ig e s t io n  and a b so r p tio n  o f  l i p i d s  in  th e  
proxim al jejunum . Thus, th e  tr ity d r o x y  b i l e  a c id  c h o l ic  a c id , has no 
e f f e c t  on w ater  and e l e c t r o l y t e  a b so r p tio n , but th e  d ihydroxy b i l e  a c id s ,  
d e o x y c h o lic  and ch en o d eo x y ch o lic  a c id  (w hether co n ju g a ted  or uncon ju gated )  
do s i g n i f i c a n t l y  in h ib i t  w ater  a b so r p tio n  and may cau se  s e c r e t io n  o f  f l u i d  
in to  th e  je ju n a l  lumen. T h is in h ib ito r y  e f f e c t  can be a b o lis h e d  i f  th e  
dihydroxy b i l e  a c id s  are p r e se n t  in  th e  jejunum in  c o n ju n c tio n  w ith  l e c i t h i n .  
L e c ith in  th u s appears to  have an im portant fu n c t io n  in  p r e v e n tin g  d ihydroxy
83
b i l e  a c id s  from in t e r f e r in g  w ith  normal a b so r p tio n  o f  w ater  and e le c t r o l y t e s .  
L ip id , how ever, in  th e  upper sm a ll i n t e s t in e  i s  g e n e r a lly  in  th e  form of  
an em u lsion  c o n s is t in g  o f lo n g  ch a in  l i p i d s ,  s h o r te r  c h a in  l i p i d s  under­
g o in g  l i p o l y s i s  to  m onolein  and e v e n tu a lly  f a t t y  a c id s  such as o l e i c  a c id .
An em u lsion  c o n ta in in g  g ly c e r o l  t r i o l e a t e  and sodium ta u r o c h o la te  was 
p e r fu se d  in to  th e  proxim al jejunum, and was found to  s ig n i f i c a n t l y  in h ib i t  
w ater and e l e c t r o l y t e  a b so r p tio n , probably due to  th e  p ro d u ctio n  of o l e i c  
a c id , n orm ally , how ever, th e se  f a t t y  a c id s  are absorbed r a p id ly  a f t e r  
t h e ir  p ro d u ctio n  in  th e  je ju n a l lumen. The b a la n ce  o f w ater and e l e c t r o ly t e  
a b so r p tio n  and s e c r e t io n  in  th e  proxim al jejunum i s  th e r e fo r e  l i k e l y  
to  be norm ally  a d ju ste d  by th e  occurrence o f  l i p o l y s i s  o f in g e s te d  l ip i d s  
and ra p id  f a t  a b so r p tio n  in  th e  proxim al jejunum. B i le  a c id s  and l ip i d s  
th u s appear to  have an im portant r o le  to  p la y  in  t h i s  mechanism.
These f in d in g s  are a ls o  o f im portance in  v a r io u s  d is e a s e  s t a t e s .
Watery d ia rrh o ea  may accompany s t a t e s  o f b a c t e r ia l  overgrow th in  th e  sm all 
i n t e s t in e  as in  th e  b l in d  loop  syndrome or sm a ll i n t e s t i n a l  d i v e r t i c u lo s i s .  
In  such c o n d it io n s  d eco n ju g a tio n  of b i l e  a c id s  may be fo llo w e d  by 
d e h y d ro x y la tio n  w ith  th e  p r o d u ctio n  o f  an in c r e a se d  c o n c e n tr a t io n  o f d ihy­
droxy b i l e  a c id s  in  th e  sm all i n t e s t in e .  I f  t h i s  occu rs th en  in h ib i t io n  o f  
w ater  and e le c t r o l y t e  a b so r p tio n  may fo l lo w  and in d eed  n e t  s e c r e t io n  
may r e s u lt  i f  th e s e  b i l e  a c id s  are p r e sen t in  h ig h  c o n c e n tr a t io n . T h is  
f in d in g  may be th e  e x p la n a tio n  f o r  th e  w atery d ia rrh o ea  which occurs in  
s t a t e s  o f  b a c t e r ia l  overgrow th , and may a ls o  be im portant in  o th er  d ia r i^  
h o ea l c o n d it io n s .  In  c o n d it io n s  where l i p o l y s i s  o f l i p i d s  i s  normal but 
f a t  a b so r p tio n  i s  im paired , as in  m ucosal form s of m alab sorp tion  (e g  c o e l ia c  
d is e a s e ) ,  a lo n g e r  area  o f in t e s t in e  i s  exposed  to  th e  r e le a s e d  f a t t y  
a c id s .  When s te a to r r h o e a  i s  p r e se n t  th e  e n t ir e  sm a ll i n t e s t in e  and c o lo n
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may be exposed  to  e x c e s s  f a t .  Thus in h ib i t io n  o f w ater  and e l e c t r o l y t e  
a b so r p tio n  i s  l i k e l y  to  occur in  th e se  c o n d it io n s  and th e  d ia rrh o ea  
w hich may be p r e se n t  in  c o n ju n c tio n  w ith  s te a to r r h o e a  may in  p a r t be due 
to  th e  e f f e c t  o f  f a t t y  a c id s  on th e  je ju n a l  a b so r p t iv e  m echanism s.
The e f f e c t  o f drugs on sm a ll i n t e s t i n a l  a b so r p tio n  o f w a ter  and 
e l e c t r o l y t e s  and on o th e r  a s p e c ts  o f  i n t e s t i n a l  a b so x p tio n  i s  a ls o  l i k e l y  
to  be im p ortan t. T h is work le a d s  on d ir e c t ly  from  s tu d ie s  o f  f a t t y  a c id s  
such a s  o l e i c  a c id  or r i c i n o l e i c  a c id  on w ater and e le c t r o l y t e  a b so r p tio n  
in  th e  sm a ll i n t e s t i n e ,  as r i c i n o l e i c  a c id  i s  c o n s id er e d  to  be th e  a c t iv e  
p r in c ip le  o f  c a s to r  o i l .  C a th a r t ic s  o f  th e  anthraquinone group have a ls o  
been  shown to  s t im u la te  i n t e s t i n a l  s e c r e t io n  as have o th e r  la x a t iv e s  such  
as b is a c o d y l (Ewe 1 9 7 2 ) , Many drugs may cause d ia r rh o ea  as a s id e —e f f e c t , , 
one such b e in g  fru sem id e . The e f f e c t  o f such drugs on sm a ll i n t e s t i n a l  
a b so r p tio n  m echanisms i s  c le a r ly  im portant and th e  d iu r e t i c  drug fru sem id e  
has been  s tu d ie d  u s in g  th e  sm a ll i n t e s t i n a l  p e r fu s io n  te c h n iq u e . The r e s u l t s  
dem onstrate th a t  40 mg o f  fru sem id e  a d m in istered  in tr a v e n o u s ly  s ig n i f i c a n t l y  
reduce th e  a b so x p tio n  of w ater  and e l e c t r o l y t e s  from  th e  human jejunum , a l ­
though no e f f e c t  i s  ob served  i f  a 20 mg dose i s  u sed . These r e s u l t s  are  
o f  s ig n i f ic a n c e  in  p o s s ib ly  e x p la in in g  th e  d ia rrh o ea  w hich may occur  
when fru sem id e  i s  a d m in istered  in  la r g e  d o se s , and has im portant im p lic a t io n s
in  r e la t io n  to  th e  a b so r p tio n  o f drugs such as d ig o x in ,w h ic h  may be ad­
m in is te r e d  w ith  fru sem id e  on a r e g u la f b æ is .  Some in h ib i t io n  o f th e  
a b so r p tio n  o f  d ig o x in  may p o s s ib ly  f o l lo w  th e  a d m in is tr a t io n  o f th e  drug  
a t  th e  same tim e a s  fru sem id e  i s  g iv e n . T h is a sp e c t  r e q u ir e s  fu r th e r  
in v e s t ig a t io n .
The t i t l e  o f  t h i s  s e c t io n  i s  th e  stu d y  o f  v a r io u s  in d iv id u a l  f a c t o r s
in  in f lu e n c in g  a b so r p tio n  o f  w ater  and e le c t r o l y t e s  in  th e  human sm all
i n t e s t in e  u s in g  th e  i n t e s t i n a l  p e r fu s io n  te c h n iq u e . F o llo w in g  th e  r e s u l t s  
o f  th e s e  s t u d ie s ,  a b e t t e r  c l a s s i f i c a t i o n  of th e  c a u ses  o f d ia rrh o ea  due
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to  i n t e s t i n a l  s e c r e t io n  can be fo rm u la ted . The p r in c ip a l  ca u ses  o f  
i n t e s t i n a l  s e c r e t io n  can be c l a s s i f i e d  a s  fo l lo w s :
(a )  Abnormal p h y s ic a l  c o n d it io n s ,  such as m ech an ica l bow el o b s tr u c t io n ,  
low pH and a f t e r  ir r a d ia t io n .
(b ) The e f f e c t  o f  chem ical s tim u la n ts  such as d ihydroxy b i l e  a c id s  
on th e  sm a ll in t e s t in e  and c o lo n , hydroxy f a t t y  a c id s ,  and drugs such as  
anthraquinone c a t h a r t ic s ,  fru sem id e and p o s s ib ly  o th e r  compounds,
(o )  The e f f e c t  o f  b a c t e r ia l  to x in s  such as V ib r io  c h o le r a e . S tap h ylo­
coccu s au reu s, C lo str id iu m  p e r fr in g e n s , S h ig e l la e  and E s c h e r ic h ia  c o l i ,
(d ) S t im u la t io n  by hormonal f a c t o r s ,  A number o f hormones have now 
b een  dem onstrated  to  have an e f f e c t  on i n t e s t in a l  a b so r p tio n .
Thus, th e  p r o s ta g la n d in s  and induce a n e t  je ju n a l  s e c r e t io n  o f  
w ater  and e l e c t r o l y t e s ,  (Cummings, Hewman, M is iew icz  e t  a l ,  1973? Matuchansky 
and B e r n ie r , 1 9 7 3 ). P r o s ta g la n d in s , l ik e  c h o le r a  e x o to x in , s t im u la te  
i n t e s t i n a l  m ucosal c y c l i c  AMP a c t i v i t y ,  (Kimberg, F ie ld ,  Gershon e t  a l ,
1 9 7 4 ). A s e c r e to r y  e f f e c t  has a ls o  been  dem onstrated  w ith  s e c r e t in  and 
c h o le c y s to k in in , (H ick s and Turnberg, 1973; B u ssja e g er  and Johnson, 1973; 
M oritz , F in k e l s t e in ,  M eshkinpour e t  a l ,  1973; Turnberg and Grahams, 1 9 7 4 ), 
v a s o a c t iv e  i n t e s t i n a l  p o ly p e p t id e , (b esb u k u o is , Lowdet, Lowdet, 1973) 
and a l t e r a t io n s  o f i n t e s t i n a l  a b so r p tio n  have a ls o  been  r e p o r ted  w ith  
g a s t r in  (H ubei, 1972a, M o d ig lia n i, Mary and B e r n ie r , 1 9 7 3 ), g lu cagon  
(H ubei, 1972b) and a n t i - d i u r e t i c  hormone (S o e r g e l ,  W halen, H arris  e t  a l ,  
1968) ,  I t  may be th a t  normal b a la n ce  o f th e se  hormones i s  req u ired  f o r  
normal i n t e s t i n a l  a b so r p tio n  to  occur in  th e  jejunum . Im balance o f th e  
hormones may le a d  to  in h ib i t io n  o f  a b so x p tio n  or th e  p ro d u c tio n  o f n e t  
s e c r e t io n .  F u rth er  in fo r m a tio n  i s  req u ired  about th e se  hormonal in f lu e n c e s  
on i n t e s t i n a l  a b so x p tio n .
Ho m ention  has been  made in  t h i s  s e c t io n  o f th e  e f f e c t  o f d is e a s e  
p r o c e ss e s  on i n t e s t i n a l  a b so r p tio n  and th e  p o s s ib le  p r o d u c tio n  o f i n t e s t i n a l  
s e c r e t io n  in  some c o n d it io n s .  These p o in ts  w i l l  be d is c u s s e d  a t g r e a te r  
le n g th  in  th e  n ex t s e c t io n .
SECTION W
APPLICATION OF THE SMALL INTESTINAL 
PERFUSION TECHNIQUE TO THE STUDY OF 
JEJUNAL ABSORPTION ABNORMALITIES 




T h is s e c t io n  i s  d evoted  to  th e  a p p l ic a t io n  o f th e  sm a ll i n t e s t in a l  
p e r fu s io n  tech n iq u e  to  stu d y  th e  s p e c i f i c  a b so r p tio n  a b n o r m a lit ie s  in  th e  
jejunum in  a d u lt  c o e l ia c  d is e a s e  and Crohn’ s d is e a s e .
C o e lia c  d is e a s e ,  or g lu te n -in d u c e d  en tero p a th y , i s  c h a r a c te r is e d  by 
se v er e  damage to  th e  v i l l i  o f  th e  sm all i n t e s t in a l  mucosa, g iv in g  th e  
c h a r a c t e r is t ic  h i s t o l o g ic a l  appearance o f s u b - to t a l  v i l l o u s  atrophy (S h in e r  
and D oniach, 1960) ,  The c o n d it io n  i s  accompanied by a c tu a l  or p o t e n t ia l  
m alab sorp tion  o f  many n u tr ie n t s  fo llo w in g  th e  sm a ll i n t e s t i n a l  m ucosal 
damage. The jejunum i s  in v o lv e d  e x te n s iv e ly  (a lth o u g h  th e re  i s  some 
ev id en ce  to  su g g e s t  th a t  p atch y  damage may occur in  some p a t ie n t s ) ,  but 
th e  ileum  i s  o f te n  spared or on ly  a f f e c te d  to  a m inim al e x te n t .  C o r r e c tio n  
o f m a lab sorp tion  and a r e tu r n  o f  th e  abnormal morphology o f th e  jejunum  
towards normal f o l lo w s  e x c lu s io n  o f g lu te n  from th e  d i e t .  The c l i n i c a l  and 
h i s t o l o g ic a l  resp on se  to  a g lu te n - f r e e  d ie t  p r o v id e s  e s s e n t i a l  co n fir m a tio n  
o f th e  d ia g n o s is ,
C o e lia c  d is e a s e  i s  c h a r a c te r is e d  by symptoms o f d ia rrh o ea  and som etim es 
s te a to r r h o e a , and o c c a s io n a l ly  abdom inal p a in , abdom inal d is t e n s io n  and 
v o m itin g . M u ltip le  d e f i c i e n c i e s  may fo l lo w  m a la b so rp tio n , S te a to rrh o ea  
may occur in  c o e l ia c  d is e a s e  but i s  r a r e ly  s e v e r e , and may n ot be p r e sen t  
a t a l l  in  many p a t ie n t s .  D iarrh oea  i s  common and may occur in  th e  absence  
o f s te a to r r h o e a . In  such p a t ie n t s  th e  d ia rrh o ea  i s  u s u a l ly  o f a w atery  
n a tu re . The mechanism o f t h i s  w atery d ia rrh o ea  i s  not f u l l y  understood; i t  
i s  p o s s ib le  th a t  a number o f mechanisms may be in v o lv e d . The nature o f  
th e  a b so r p tio n  a b n o r m a lit ie s  in  th e  jejunum in  c o e l ia c  d is e a s e  r e q u ir e s  
fu r th e r  in v e s t ig a t io n  and th e  sm a ll i n t e s t in a l  p e r fu s io n  tech n iq u e  may 
o f f e r  fu r th e r  in fo r m a tio n  on t h i s  problem .
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Crohn’ s d is e a s e ,  or r e g io n a l  e n t e r i t i s ,  a l s o  p o se s  an a b so x p tio n  
problem  in  th e  sm a ll i n t e s t in e .  A lthough th e  ter m in a l ileum  i s  most
o f te n  in v o lv e d , th e  d is e a s e  may a f f e c t  any p a r t o f th e  a lim en ta ry  c a n a l, and
i s  u s u a l ly  d is c o n tin u o u s , w ith  d is e a s e d  segm ents o f  bow el sep a ra ted  by 
a p p aren tly  h e a lth y  a r e a s . The p r in c ip a l  symptoms of Crohn’ s d is e a s e  are  
d ia rrh o ea  and abdom inal p a in . The d ia rrh o ea  i s  u s u a l ly  o f w atery  nature  
and s te a to r r h o e a  may occur in  some p a t ie n t s ,  (R a ffe n sb e r g e r , D’A g o stin o , 
Manfredo e t  a l ,  I 9 6 7 ) .  The jejunum may be d i r e c t ly  a f f e c t e d  in  Crohn’ s 
d is e a s e ,  but th e  h i s t o l o g i c a l  appearances o f p a r t ia l  v i l l o u s  atrophy  
may occur in  th e  jejunum a lth ou gh  no Crohn’ s l e s i o n  may be p r e se n t  in  
th a t  a rea . D iarrh oea  in  Crohn’ s d is e a s e  i s  alm ost c e r t a in ly  o f m u lt ip le  
o r ig in  and a b so r p tio n  a b n o r m a lit ie s  in  th e  upper sm a ll bow el and p a r t ic u la r ly  
in  th e  jejunum may p la y  a p a r t in  i t s  p ro d u c tio n . F u rth er  in fo rm a tio n  
i s  req u ired  o n a b so rp tio n  a b n o r m a lit ie s  in  th e  jejunum , and th e  sm a ll in t e s ­
t i n a l  p e r fu s io n  tech n iq u e  seems s u ite d  to  p ro v id e  such  in fo r m a tio n .
CHAPTER 14
ABSORPTION ABNORMALITIES IN 




I t  has been  c o n s id er e d  f o r  some tim e th a t  some o f th e  symptomatology- 
common in  c o e l ia c  d is e a s e ,  such  as d ia rrh o ea , may be r e la t e d  to  mal­
a b so r p tio n  o f w ater  and e l e c t r o l y t e s  by th e  damaged je ju n a l  m ucosa .(H otz , 
I 94O; W ollaeger  and S c r ib n e r , 1951; Comfort, W o lla eg er , T aylor  e t  a l ,  1953; 
T ay lor , 1955; Cooke, 1 9 5 7 ). C on firm ation  o f i n h ib i t io n  o f a b so r p tio n  
o f w ater  and e le c t r o l y t e s  was p rov id ed  by th e  e a r ly  in tu b a t io n  s tu d ie s  o f  
Sched l a n d C lifto n  (1963) and P ord tran , R ecto r , L ock lear  e t  a l  (1957 ) and 
a s u g g e s t io n  o f  n e t accu m u lation  o f f l u i d  in  th e  jejunum was found by 
H oldsw orth and Dawson ( 1965) .  U n d ir e c t io n a l f lu x e s  o f deuterium  ox id e  and 
of 24 Na from jejunum  to  b lo o d  have a ls o  been found to  be reduced (H ig g in s , 
L ee, S o h o e ler  e t  a l ,  1957; NewsheIm and French, I 9 6 4 ) .  F u rth er  in fo rm a tio n  
i s  req u ired  reg a rd in g  s p e c i f i c  a b so r p tio n  a b n o r m a lit ie s  w hich may be 
p r e se n t  in  c o e l ia c  d is e a s e  to g e th e r  w ith  th e  resp o n se  o f  th e s e  a b n o r m a lit ie s  
to  w ithdraw al o f g lu te n  from th e  d i e t .
AIMS OF STUDY
The aim o f t h i s  in v e s t ig a t io n  i s  to  apply  th e  tech n iq u e  o f sm a ll  
i n t e s t i n a l  p e r fu s io n  to  p a t ie n t s  s u f f e r in g  from u n tr e a te d  a d u lt  c o e l ia c  
d is e a s e  to  determ in e th e  a b so r p tio n  a b n o r m a lit ie s  w hich may be p r e s e n t , and 
to  rep ea t th e se  s tu d ie s  in  th e  same p a t ie n t s  a f t e r  an adequate c l i n i c a l  
and h i s t o l o g i c a l  resp o n se  to  g lu te n - f r e e  d i e t .
PATIENTS AND METHODS 
P a t ie n t s
J e ju n a l p e r fu s io n  was perform ed on I 4 p a t ie n t s  w ith  u n tr e a te d  a d u lt  
c o e l ia c  d is e a s e  and in  I 5 normal c o n tr o l v o lu n te e r s .  The mean age o f  th e
c o e l ia c  d is e a s e  group was 33 y e a r s  (ran ge 2 1 -6 0 ) and in  th e  c o n tr o l group
49 y e a r s  (ran ge  2 8 -6 0 ) , The c o e l ia c  group c o n s is t e d  o f 5 m ales and 9
fem a les  and th e  c o n tr o l  group 9 m ales and 6 fe m a le s .
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The c r i t e r i a  f o r  th e  d ia g n o s is  o f  a d u lt c o e l ia c  d is e a s e  were as  
f o l lo w s :  a t y p ic a l  h i s t o i y  o f d ia rrh o ea  w ith  th e  p a ssa g e  o f  p a le ,  f o u l ­
s m e llin g  s t o o l s  and o f te n  w atery  d ia r rh o ea , abdom inal d isco m fo rt and d is ­
t e n s io n , and w eigh t l o s s .  In  a l l  p a t ie n t s  th e  f a e c a l  f a t  e x c r e t io n  was 
g r e a te r  than  5 ë  p er  day, and th e  d—X ylose  e x c r e t io n  was d ecr ea se d .
J e ju n a l b io p sy , u s in g  th e  G rosby-K ugler ca p su le  ( Crosby and K u gler , 195?) 
showed ev id en ce  o f  s u b - to t a l  v i l l o u s  atrophy in  a l l  p a t ie n t s .  C l in ic a l  
r e m iss io n  occu rred  on w ithdraw ing g lu te n  from th e  d i e t  in  a l l  th e se  
p a t ie n t s  and improvement was n oted  in  th e  h is to lo g y  o f th e  je ju n a l  mucosa 
w ith in  3 months o f s t a r t in g  a g lu t e n - f r e e  d i e t .  In  a l l  p a t ie n t s  d ia rrh o ea  
was p r e se n t  a t  th e  tim e o f th e  s tu d y . The normal c o n tr o l  p a t ie n t s  had no 
h i s t o i y  o f g a s t r o - in t e s t i n a l  sym ptom atology.
In  8 p a t ie n t s  th e  p e r fu s io n  was rep ea ted  3—4 months a f t e r  s t a r t in g
th e  g lu t e n - f r e e  d i e t .  In  two o f th e se  p a t ie n t s  a t h ir d  p e r fu s io n  was
perform ed one y e a r  a f t e r  g lu te n  w ith d raw al. In  th e  p a t ie n t s  who had th r e e
p e r fu s io n s ,  j e ju n a l  b io p sy  on each o c c a s io n  perform ed a t th e  tim e o f
p e r fu s io n  showed some improvement o f h i s t o l o g ic a l  change and on  th e  th ir d
o c c a s io n  was re p o r te d  as h av in g  m ild  p a r t ia l  v i l l o u s  a trop h y .
M ethods,
A tr ip le - lu m e n  p e r fu s io n  system  was used  in  th e  s tu d y , u s in g  th e  
tube d e sc r ib e d  in  C hapter 4« The p e r fu sa te  c o n s is t e d  o f is o -o s m o t ic  
g lu c o s e - s a l in e  w ith  a g lu c o se  c o n c e n tr a t io n  o f  $6 raM, The f i n a l  o s m o la lity  
o f th e  p e r fu s in g  s o lu t io n  was 300 m, o s m o l/ l .  The ex p er im en ta l tech n iq u e  
and a n a ly t ic a l  methods were as d e sc r ib e d  in  C hapter 9«
RESULTS
The a b so r p tio n  o f  w ater  and e le c t r o l y t e s  in  each  stu d y  was c a lc u la te d  
as th e  mean o f  th e  r e s u l t s  o f 10-12  ten -m in u te  c o l l e c t i o n  p e r io d s , and 
was e x p ressed  a s  m l/h o u r /3 0  cm seg m en t(fo r  w ater) and m ,m ol/h our/30  cm
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segment ( f o r  sodium and c h lo r id e ) .  The mean w a ter , sodium and c h lo r id e  
a b so r p tio n  in  c o e l ia c  d is e a s e  and c o n tr o l groups i s  shown in  Table I 4 . 1.
The mean w ater  a b so r p tio n  (+  SE l) in  th e  c o e l ia c  d is e a s e  group was 
- 1 7 ,2  -  1 0 ,0  m l/h ou r, compared w ith  2 2 0 ,8  -  2 ,1 ,  m l/hour in  th e  c o n tr o l  
group. The d i f f e r e n c e  betw een th e se  means i s  s t a t i s t i c a l l y  s ig n i f i c a n t  
( p < 0 , 001) ,  The mean sodium a b so r p tio n  in  c o e l ia c  p a t ie n t s  (—5*2 -  1 .3  
m ,m ol/hour) was s t a t i s t i c a l l y  s ig n i f i c a n t l y  l e s s  th an  th a t  o f th e  c o n tr o l  
group ( 2 5 .3  — 1 .8  m ,m ol/hour) ( p < 0 , 0 0 l ) ,  A s im i la r  s t a t i s t i c a l  d if f e r e n c e  
was a ls o  o b ta in ed  w ith  c h lo r id e  a b so r p tio n . Each in d iv id u a l  f ig u r e  in  
Table 14*1 in  th e  c o e l ia c  d is e a s e  column r e fe r s  to  th e  mean a b so r p tio n  
c a lc u la te d  over  10-12  ten -m in u te  c o l l e c t i o n  p e r io d s . The mean o f  th e  group 
as a w hole i s  a t th e  bottom  o f  each column. These f ig u r e s  dem onstrate  
th a t  10 o f th e  I 4 p a t ie n t s  w ith  a d u lt  c o e l ia c  d is e a s e  had a mean n et  
s e c r e t io n  o f  w a ter , bu t in  3 o f th e  4 p a t ie n t s  record ed  who had mean 
reduced a b so r p tio n  but not s e c r e t io n ,  one or two n e g a t iv e  v a lu e s  were 
ob ta in ed  a t  some tim e d u rin g  th e  s tu d y . Thus, n e t s e c r e t io n  o f  w ater  d id  
occur a t some p o in t  du rin g  th e  stu d y  in  13 o f  th e  I 4 p a t ie n t s  w ith  
u n tr e a te d  a d u lt  c o e l ia c  d is e a s e .  S im ila r  r e s u l t s  were o b ta in ed  w ith  r e sp e c t  
to  mean sodium and c h lo r id e  a b so r p tio n .
The e f f e c t  o f g lu te n  w ithdraw al on th e  a b so r p tio n  a b n o r m a lit ie s  in  
th e  8 p a t ie n t s  in  w hich p e r fu s io n  was rep ea ted  3 to  4 months a f t e r  s t a r t in g  
a g lu te n - f r e e  d ie t  as shown in  Table 14-2, No s ig n i f i c a n t  improvement in  
mean w a ter , sodium and c h lo r id e  a b so r p tio n  was found in  th e se  8 p a t ie n t s ,  
in  s p i t e  o f th e  f a c t  th a t  a l l  had undergone s a t i s f a c t o r y  c l i n i c a l  r e m iss io n  
du rin g  th a t  p e r io d .
In  one o f th e  two p a t ie n t s  who underwent a t h ir d  p e r fu s io n  a y e a r  
a f t e r  s t a r t in g  a g lu ten r -free  d i e t ,  some improvement of w a ter , sodium and 
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reached  th e  normal ran ge. T h is p a t ie n t  (Unraher 3 i ï i  T able 14*2) showed a 
mean w ater  a b so r p tio n  o f - 2 6  m l/hour i n i t i a l l y ,  15 ral/honr 3 months 
a f t e r  s t a r t in g  th e  g lu t e n - f r e e  d i e t ,  and one y e a r  l a t e r  th e  mean w ater  
a b so r p tio n  l e v e l  was 103 ml /h o u r . S im ila r  r e s u l t s  w ere o b ta in ed  w ith  
mean sodium and c h lo r id e  a b so r p tio n s  in  t h i s  p a t ie n t .  T his p a t ie n t  had 
rem ained c l i n i c a l l y  w e l l  during  t h i s  p e r io d . In  th e  o th e r  p a t ie n t  p e r fu se d  
on th r e e  o c c a s io n s  (number 8 in  T able 14 ,2 ), th e  mean w ater  a b so r p tio n  
was i n i t i a l l y  -2 9  m l/h ou r , - 8  m l/hour (a t  3 m onths) and was s t i l l  abnormal 
a t  - 1 4  m l/hour a t one y e a r . T h is p a t ie n t ,  a f t e r  i n i t i a l  improvement, had 
a g a in  d ev e lo p ed  d ia rrh o ea  and h i s  w e ig h t had not r i s e n  s a t i s f a c t o r i l y .  
Subsequent q u e s t io n in g  o f th e  p a t ie n t  r e v e a le d  th a t  he was not k eep in g  
s t r i c t l y  to  h i s  g lu t e n - f r e e  d i e t .
DISCUSSION
The r e s u l t s  o f t h i s  stu d y  in d ic a te  th a t  in  u n tr e a te d  a d u lt  c o e l ia c  
d is e a s e  a n e t s e c r e t io n  o f w a ter , sodium and c h lo r id e  may occur in to  th e  
lumen o f  th e  jejunum. The r e s u l t s  are s im ila r  to  th o se  rep o r te d  by 
Schmid, P h i l l i p s  and Sum m erskill ( l9 6 9 ) .  I t  seems p o s s ib le  th a t  th e  w atery  
d ia r rh o ea  o f t e n  s e e n  in  c o e l ia c  d is e a s e ,  to g e th e r  w ith  th e  abdominal 
d is t e n s io n  and v o m it in g , may be r e la t e d  to  th e  p r e sen ce  o f  la r g e  amounts 
of f l u i d  in  th e  upper sm a ll i n t e s t i n e .  T h is , in  tu r n , i s  due n ot on ly  
to  reduced a b so r p tio n  o f w ater  and e l e c t r o l y t e s ,  bu t a ls o  to  n e t  s e c r e t io n .  
Some o f t h i s  e x c e s s  f l u i d  may be reabsorbed  in  th e  d i s t a l  jejunum and ileum  
where th e  m ucosal damage i s  l e s s  s e v e r e . Normal a b so r p tio n  o f w ater  and 
g lu c o se  and an in c r e a s e d  a b so r p tio n  o f sodium and c h lo r id e  have been  
dem onstrated  in  th e  ileum  in  u n tr e a te d  c o e l ia c  d is e a s e  ( S i l k ,  Kumar, Webb 
e t  a l ,  1975)* A b so rp tio n  o f some o f th e  e x c e s s  w a ter  and sodium may a ls o  
occur in  th e  c o lo n  (U evroede and P h i l l i p s ,  1 9 6 9 ).
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J e ju n a l a b so r p tio n  o f g lu c o se  i s  a ls o  in h ib it e d  in  a d u lt  c o e l ia c  
d is e a s e  (S ch ed l and C l i f t o n ,  1963)» and r e d u c tio n  o f a b so r p tio n  o f  amino 
a c id s  and p e p t id e s  have a ls o  been  shown (S o h e d l, P ie r c e ,  R ider e t  a l ,
1968; S i lk ,  Kumar, P e r r e t t  e t  a l ,  1974)» M alab sorp tion  of f o l i c  a c id  
has a ls o  been  shown in  u n tr e a te d  c o e l ia c  d is e a s e  u s in g  a je ju n a l  p e r fu s io n  
system  (MacKenzie and R u s s e l l ,  1974)* A s im ila r  s e c r e to r y  s t a t e  has  
been  found in  p e r fu s io n  s tu d ie s  of p a t ie n t s  w ith  t r o p ic a l  sprue (C orcin o , 
Maldonado and K l ip s t e in ,  1 9 7 3 ).
There i s  ev id en ce  th a t  th e  sodium s e c r e t io n  in  c o e l ia c  d is e a s e  
appears to  be a g a in s t  an e le c t r o —chem ica l g r a d ie n t;  th e  n e g a t iv e  m ucosal 
e le c t r o —p o t e n t ia l  d i f f e r e n c e  in  c o e l ia c  d is e a s e  i s  no d i f f e r e n t  from  
th a t  o f a c o n tr o l  group, ( Schmid e t  a l ,  1969; Cochran and R u s s e l l ,  p e r so n a l  
o b s e r v a t io n ) . Damage to  th e  a c t iv e  sodium pump may a llo w  lea k a g e  o f sodium  
and w ater  but a c t iv e  s e c r e t io n  o f sodium a ls o  appears to  occu r . Water 
l o s s  may f o l lo w  th e  sodium movement and c h lo r id e  movements may a ls o  be  
s im i la r .  There a ls o  appears to  be a l o s s  o f th e  a c t iv e  a b so r p tio n  
mechanism f o r  b ic a rb o n a te  ( Schmid e t  a l ,  1 9 6 9 ). The p o s s ib le  p la c e  o f  
c y c lic -  AMP in  th e  p r o d u c tio n  o f th e se  a b n o r m a lit ie s  in  c o e l ia c  d is e a s e  
a ls o  r e q u ir e s  to  be s tu d ie d .
One o f th e  most in t e r e s t in g  r e s u l t s  o f  t h i s  stu d y  i s  th e  la c k  o f  
s ig n i f i c a n t  improvement in  th e  a b so r p tio n  o f  sodium , c h lo r id e  and w ater  
a f t e r  g lu te n  w ith d raw a l, up to  one y e a r  a f t e r  a g lu t e n - f r e e  d ie t  was 
s ta r t e d .  In  each  o f th e  p a t ie n t s ,  c l i n i c a l  r e m iss io n  had occu rred  and 
re p e a t je ju n a l  b io p sy  perform ed a t th e  same tim e a s  th e  p e r fu s io n  stu d y  
showed improvement in  th e  h i s t o l o g i c a l  appearance o f  th e  je ju n a l  mucosa 
a lth ou gh  none were regarded  a s  e n t ir e ly  norm al. T h is prob ab ly  r e f l e c t s  
both  p e r s is t e n c e  o f f u n c t io n a l  a b n o r m a lit ie s  in  s p i t e  o f  some m orp h o log ica l
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improvement, and th e  f a c t  th a t  s tu d ie s  were perform ed in  th e  proxim al 
jejunum, th e  s i t e  o f maximal involvem ent in  c o e l ia c  d is e a s e .  There may 
he improvement in  th e  e x te n t  o f th e  d is e a s e  and in  f u n c t io n  in  more d i s t a l  
a r e a s , A f u n c t io n a l  improvement in  th e  a b so r p tio n  mechanism may be more 
gradual and t h i s  i s  su g g e ste d  by th e  tren d  to  an improved (a lth o u g h  s t i l l  
abnormal) w ater  a b so r p tio n  in  one p a t ie n t  one y e a r  a f t e r  th e  s t a r t  o f th e  
g lu te n - f r e e  d i e t .  T h is may f i t  in  w ith  th e  h y p o th e s is  th a t  th e  p a r t o f 
th e  sm a ll i n t e s t in e  s tu d ie d  in  th e  p e r fu s io n  in v e s t ig a t io n  i s  th e  w orst  
a f f e c t e d  in  c o e l ia c  d is e a s e  and co n seq u en tly  th e  s lo w e s t  to  r e co v er  to  
normal when g lu te n  w ithdraw al o ccu rs,
smmARY
The tr a n sp o r t  o f w ater  and e le c t r o l y t e s  a c r o ss  th e  je ju n a l  mucosa was 
s tu d ie d  in  I 4 p a t ie n t s  w ith  u n tr e a te d  a d u lt  c o e l ia c  d is e a s e  u s in g  a t r i p l e -  
lumen tube p e r fu s io n  system  and th e  r e s u l t s  compared w ith  th o se  o b ta in ed  
in  15 normal c o n tr o l  s u b j e c t s .
The r e s u l t s  in d ic a te  th a t  not on ly  was th e r e  an in h ib i t io n  o f w ater  
and e l e c t r o l y t e  a b so r p tio n  in  p a t ie n t s  w ith  a d u lt  c o e l ia c  d is e a s e  but th a t  
in  most o f  th e s e  p a t ie n t s  a s e c r e t io n  o f w ater and e l e c t r o l y t e s  occurred  
in to  th e  jejunum . S e c r e t io n  was found in  13 o f th e  I 4 p a t ie n t s  a t some 
p o in t  during  th e  stu d y .
Three months a f t e r  th e  in tr o d u c t io n  of a g lu t e n - f r e e  d i e t ,  and w ith  
c l i n i c a l  r e m iss io n , no s ig n i f i c a n t  improvement had occu rred  in  w ater  and 
e le c t r o l y t e  a b so r p tio n  in  th e  jejunum. There was a tren d  towards some 
improvement in  one p a t ie n t  r e -p e r fu se d  one y e a r  a f t e r  g lu te n  w ith d raw al.
The r e s u l t s  of t h i s  stu d y  may e x p la in  some o f  th e  sym ptom atology o f  
c o e l ia c  d is e a s e  a lth ou gh  o th e r  secondary f a c t o r s  may a ls o  be in v o lv e d .
chapter 15
ABSORPTION ABNORMALITIES IN 
THE JEJUNIM IN CROHN’ S DISEASE
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INTRODUCTION
D iarrh oea  i s  a common symptom in  p a t ie n t s  w ith  Crohn’ s d is e a s e  
and i s  probab ly  o f m u lt ip le  a e t io lo g y  in  most c a s e s ,  S te a to r r h o e a  may 
occur and o th e r  form s o f m a la b so rp tio n  may be p r e se n t  and e x c e s s iv e  f a e c a l  
e x c r e t io n  o f b i l e  a c id  g iv in g  r i s e  to  c h o le r h e ic  d ia r rh o ea  may a ls o  occur  
in  Crohn’ s d is e a s e  i f  se v er e  damage has occurred  to  th e  term in a l ileu m .
L i t t l e  i s  known, however, o f th e  f u n c t io n  o f th e  proxim al jejunum in  
Crohn’ s d is e a s e  in  p a t ie n t s  in  w hich th e  jejunum may or may not be  
a f f e c t e d  by th e  d is e a s e  as judged by r a d io lo g ic a l  m eans. A b sorp tion  
a b n o r m a lit ie s  o f  th e  proxim al jejunum, i f  p r e s e n t , may be a fu r th e r  f a c t o r
in  th e  c a u s a tio n  o f  d ia rrh o ea  in  Crohn’ s d is e a s e ,
AM OF STUDY
The aim o f t h i s  stu d y  i s  to  apply  th e  tech n iq u e  o f sm a ll i n t e s t i n a l
p e r fu s io n  to  p a t ie n t s  w ith  Crohn’ s d is e a s e  who have n ot undergone su rg ery ,
in  an attem pt to  determ ine i f  je ju n a l  a b so r p tiv e  fu n c t io n  i s  abnormal in  
such p a t ie n t s .
PATIENTS AND METHODS
S ix  p a t ie n t s  w ith  Crohn’ s d is e a s e  were s tu d ie d . They c o n s is t e d  o f  
4 fem a les  and 2 m ales w ith  an age range o f 22 to  4 6 . The r e s u l t s  were 
compared w ith  a group o f  I 5 v o lu n te e r  s u b je c t s  (9  m ales and 6 fem a le s )  
w ith  a mean age o f  49 y e a r s  (ran ge 2 8 -6 0 ) .
A l l  th e  p a t ie n t s  w ith  Crohn’ s d is e a s e  s u f fe r e d  from d ia rrh o ea  and
a l l  had been  r e c e n t ly  d iagn osed , 4 by a p o s i t i v e  h i s t o l o g i c a l  d ia g n o s is
e i t h e r  by je ju n a l  b io p sy  or f o l lo w in g  laparotom y and b iopsy , and th e
rem ain ing two by th e  p resen ce  o f se v e r e  r a d io lo g ic a l  involvem ent o f th e
sm a ll i n t e s t i n e .  A l l  th e  p a t ie n t s  had d ia rrh o ea  a t  th e  tim e o f  th e  p e r fu s io n  
stu d y . None had any m ed ica l trea tm en t a t th e  tim e of th e  p e r fu s io n , and 
no p a t ie n t  had undergone su rgery  a t  th a t  t im e . P u l l  c l i n i c a l  d e t a i l s  of
95
th e se  6 p a t ie n t s  are shown in  Table 15*1.
Methods
The method u sed  was th a t  o f th e  tr ip le - lu m e n  p e r fu s io n  tec h n iq u e , 
as d e sc r ib e d  in  C hapter 9 . The p e r fu sa te  c o n s is t e d  o f an is o -o s m o t ic  
g lu c o se —s a l in e  s o lu t io n  c o n ta in in g  g lu c o se  in  a c o n c e n tr a t io n  o f ^6  raM and 
w ith  a f i n a l  o s m o la l ity  o f 300 m .o sm o ls /l .  The ex p er im en ta l procedure and 
a n a ly t i c a l  m ethods were as p r e v io u s ly  d e sc r ib e d  in  C hapter 9 .
RESULTS
The r e s u l t s  o f th e  mean w a te r , sodium and c h lo r id e  a b so r p tio n  in  
th e  s i x  p a t ie n t s  w ith  Crohn’ s d is e a s e  are shown in  T able 1 5 .2 ,  Only one, 
or p o s s ib ly  tw o, o f  th e s e  s u b je c t s  can be c o n s id er e d  to  have normal w ater  
and e l e c t r o l y t e  a b so r p tio n  in  th e  proxim al jejunum (numbers 4 and 5 ) .
In  two s u b je c t s  (numbers I  and 2) a p o s i t i v e  a b so r p tio n  was ob served  but 
a c o n s id e r a b le  i n h ib i t io n  was p r e se n t  compared w ith  normal s u b j e c t s .  In  
two o th e r  s u b je c t s  (number 3 and 6) a n e t s e c r e t io n  o f w a ter , sodium and 
c h lo r id e  was o b serv ed . Of th e  p a t ie n t s  co n s id er e d  to  have p a r t ia l  v i l l o u s  
atrophy on je ju n a l  h i s t o l o g i c a l  exam in ation , two -ex h ib ited  a n e t s e c r e t io n  
o f  w ater  and e l e c t r o l y t e s .  T h is in c lu d ed  one p a t ie n t  (number 3 ) ,  in  
w hich e v id en ce  o f Crohn’ s d is e a s e  was found h i s t o l o g i c a l l y  on je ju n a l  b io p sy ,
P a t ie n t s  3 and 6, th e  two w ith  th e  most marked a b so r p tio n  ab n orm ality , 
were a ls o  found to  be d e f i c i e n t  in  f o l i c  a c id ,
DISCUSSION
The r e s u l t s  o f  t h i s  stu dy in d ic a te  th a t  many p a t ie n t s  w ith  Crohn’ s 
d is e a s e  are l i k e l y  to  have i n h ib i t io n  o f w ater  and e l e c t r o l y t e  a b so r p tio n  
in  th e  p rox im al jejunum and some may have a n e t  s e c r e t io n  o f w a ter , sodium  
and c h lo r id e  in to  th e  lumen o f th e  jejunum. T h is s u g g e s ts  th a t  th e  
i n t e s t i n a l  mucosa i s  in v o lv e d  to  a much g r e a te r  e x te n t  in  Crohn’ s d is e a s e  
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th e  j e ju n a l  h i s t o lo g y .  In  on ly  one p a t ie n t  o f th e  group, r a d io lo g ic a l  
damage to  th e  jejunum was p r e s e n t , a lthough i t  i s  o f  in t e r e s t  th a t  t h i s  
p a t ie n t  d id  have a p o s i t i v e  h i s t o l o g i c a l  d ia g n o s is  o f Crohn’ s d is e a s e  
in  th e  j e ju n a l  h io p s y , and had n e t  s e c r e t io n  o f w ater  and e l e c t r o l y t e s .  
I l e a l  invo lvem ent was p r e se n t  r a d io lo g io a l ly  in  a l l  th e  p a t ie n t s  s tu d ie d  
hut i t  does appear l i k e l y  th a t  involvem ent o f th e  jejunum was p r e se n t  in  
th e s e  s u b j e c t s ,  a lth ou gh  no r a d io lo g ic a l  damage i s  apparent a t t h i s  s ta g e .
P h i l l i p s  and Schmid ( 1969) found a s ig n i f i c a n t  r e d u c tio n  in  je ju n a l  
a b so r p tio n  o f  w a ter  and e l e c t r o l y t e s  in  4 c a s e s  o f  Crohn’ s  d is e a s e  but 
no in fo r m a tio n  was a v a i la b le  in  t h i s  s e r i e s  about th e  je ju n a l  m ucosal 
h is t o lo g y .  A s ig n i f i c a n t  r e d u c tio n  in  b id ir e c t io n a l  sodium f lu x  was found  
in  p a t ie n t s  w ith  Crohn’ s d is e a s e  who had p r e v io u s ly  undergone panprocto­
co lectom y w ith  i le o s to m y  (A lla n , S te in b e r g , D ixon  e t  a l ,  1 9 7 5 ). U sing  
ra d io —is o to p e  tec h n iq u es  th e  b id ir e c t io n a l  tr a n sp o r t  r a te s  o f w a ter , 
sodium and p o tassiu m  a c r o ss  i s o la t e d  lo o p s  o f sm a ll in t e s t in e  was found  
to  be abnormal by A tw e ll and D u th ie  ( 1964) .  Net w ater  and sodium s e c r e t io n  
was a ls o  ob served  in  t h i s  stu d y .
In  a n o th er  s e r i e s  no change in  je ju n a l a b so r p tio n  was observed  in  
a group o f p a t ie n t s  w ith  Crohn’ s d is e a s e  (b in d e r  and P ta k , 1 9 7 0 ). The 
v a r i a b i l i t y  o f  th e  r e s u l t s  in  Crohn’ s d is e a s e  prob ab ly  r e f l e c t s  th e  v a r ­
i a b i l i t y  in  th e  e x te n t  and s e v e r i t y  o f  th e  d is e a s e .  T h is i s  in d ic a te d  
by th e  w ide range o f  w ater  and e l e c t r o l y t e  a b so r p tio n  r e s u l t s  o b ta in ed  
in  t h i s  s e r i e s .
These r e s u l t s  in d ic a t e  th e  v a r i a b i l i t y  o f j e ju n a l  in vo lvem ent in  
Crohn’ s  d is e a s e ,  bu t em phasise th e  p r o b a b il i ty  o f s ig n i f i c a n t  je ju n a l  
involvem ent in  t h i s  c o n d it io n  a lth ou gh  th e r e  may be no r a d io lo g ic a l  
e v id en ce  o f t h i s .  These r e s u l t s  p ro v id e  more ev id en ce  th a t  Crohn’ s 
d is e a s e  i s  a d i f f u s e  r a th e r  th an  a f o c a l  l e s i o n  o f  th e  g a s t r o - in t e s t i n a l  
t r a c t .
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SUMMARY
J e ju n a l a b so r p tio n  a b n o r m a lit ie s  in  6 p a t ie n t s  w ith  Crohn’ s d is e a s e  
have been  s tu d ie d  u s in g  th e  t r i p l e —lumen tube p e r fu s io n  tec h n iq u e . Only 
two of th e  6 p a t ie n t s  cou ld  be c o n sid ered  to  have normal w ater  and 
e l e c t r o l y t e  a b so r p tio n . Two o th e r s  had in h ib i t io n  o f  a b so r p tio n , and in  
two p a t ie n t s  n e t s e c r e t io n  o f w ater  and e le c t r o l y t e s  was ob served .
The r e s u l t s  em phasise th e  d i f f u s e  nature o f Crohn’ s d is e a s e  and 
in d ic a te  th a t  th e  i n t e s t i n a l  mucosa i s  in v o lv e d  to  a much g r e a te r  e x te n t  




In  t h i s  s e c t io n  th e  tech n iq u e  o f sm a ll i n t e s t i n a l  p e r fu s io n  has been  
a p p lie d  to  two c o n d it io n s  a f f e c t in g  th e  s m a l l - in t e s t in e  -  a d u lt  c o e l ia c  
d is e a s e  and Crohn’ s d is e a s e .
In  a d u lt  c o e l ia c  d is e a s e  i t  was found th a t  a l l  th e  p a t ie n t s  had an 
in h ib i t io n  o f  j e ju n a l  a b so r p tio n  o f w ater  and e le c t r o l y t e s  and a lm ost 
a l l  e x h ib it e d  n e t s e c r e t io n  o f  w a ter , sodium and c h lo r id e  d u rin g  th e  
stu d y . In  Crohn’ s d is e a s e  th e  r e s u l t s  were v a r ia b le  but in  4 o f th e  
6 p a t ie n t s  s tu d ie d , an in h ib i t io n  o f w ater  and e l e c t r o l y t e  a b so r p tio n  was 
observed  in  th e  jejunum and in  two s u b je c t s  s e c r e t io n  o f w a te r , sodium  
and c h lo r id e  was fou n d .
No s ig n i f i c a n t  improvement was found in  th e  a b so r p tio n  of w ater  
and e le c t r o l y t e s  in  p a t ie n t s  w ith  a d u lt  c o e l ia c  d is e a s e  3 to  4 months a f t e r  
s t a r t in g  a g lu t e n - f r e e  d i e t ,  during  which tim e a l l  th e  p a t ie n t s  s tu d ie d  had 
improved c l i n i c a l l y  and to  some e x te n t  h i s t o l o g i c a l l y .  One p a t ie n t  showed 
an improvement o f  a b so r p tio n  one y e a r  a f t e r  g lu te n  w ithdraw al was s ta r t e d  
but one fu r th e r  p a t ie n t  showed no improvement a t t h i s  tim e a lth ou gh  i t  
was su b seq u en tly  found th a t  t h i s  p a t ie n t  had not b een  k eep in g  s t r i c t l y  to  
h i s  g lu t e n - f r e e  d i e t .
The r e s u l t s  have c o n s id e r a b le  c l i n i c a l  r e le v a n c e  in  th a t  th ey  o f f e r  
an e x p la n a tio n  f o r  th e  w a te iy  d ia r rh o ea  w hich fr e q u e n t ly  occu rs b o th  in  
c o e l ia c  d is e a s e  and Crohn’ s d is e a s e ,  and in  c o e l ia c  d is e a s e  may a ls o  account  
f o r  th e  abdom inal d i s t e n s io n ,  p a in  and v o m itin g  w hich are common fe a tu r e s  
o f t h i s  c o n d it io n . T h is in h ib i t io n  o f w ater  and e l e c t r o l y t e  a b so r p tio n ,  
and s e c r e t io n  o f f l u i d  in to  th e  i n t e s t i n a l  lumen in  c o e l ia c  d is e a s e ,  may 
be p a r t o f th e  e x p la n a tio n  f o r  th e  sym ptom atology in  t h i s  c o n d it io n , but  
i t  i s  l i k e l y  th a t  m u lt ip le  f a c t o r s  are in v o lv e d . Thus when s te a to r r h o e a  
i s  p r e s e n t , e x c e s s iv e  f a e c a l  e x c r e t io n  o f  hydroxy f a t t y  a c id s  w hich are  
c h e m ic a lly  s im i la r  to  r i o i n o l e i c  a c id , may i r r i t a t e  th e  c o lo n ic  mucosa and
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cause s e c r e t io n  o f f l u i d  in to  th e  lumen o f  th e  c o lo n , thus r e s u l t in g  in  
d ia rrh o ea . In crea sed  m o t i l i t y  w ith in  th e  c o lo n  may a ls o  fo l lo w  e x c e s s iv e  
f a e c a l  e x c r e t io n  o f hydroxy f a t t y  a c id s .  O ther f a c t o r s  may a ls o  fo llo w  
f a i l u r e  o f sm a ll i n t e s t i n a l  fu n c t io n  in  c o e l ia c  d is e a s e .  Brush border  
d ig e s t iv e  enzyme f a i l u r e  (W elsh e t  a l ,  1969) im paired  c h o le c y s to k in in  
r e le a s e  w ith  seco n d a iy  p a n c r e a tic  in s u f f i c i e n c y  (biM agno, Go and Sunmer- 
s k i l l ,  1969) ,  d e f e c t iv e  m ic e l le  fo rm a tio n  (Low-Beer, H eaton, H eaton e t  
a l ,  1971) and e x u d a tio n  (Waldmann, 1966) may a l l  c o n tr ib u te  to  w ater  
m alab sorp tion  in  th e  jejunum to g e th e r  w ith  t h i s  i n t e s t i n a l  s e c r e t io n .  
I n h ib i t io n  o f w ater  and e l e c t r o l y t e  a b so r p tio n  and s e c r e t io n ,  how ever, may 
be a m ajor f a c t o r  in  t h i s  d ia r rh o ea . In  c o e l ia c  d is e a s e  th e  proxim al 
jejunum i s  th e  most m arkedly damaged p a r t o f th e  sm a ll i n t e s t in e  and some 
degree of r e a b so r p tio n  o f  w ater  and e le c t r o l y t e s  may occu r in  th e  ileum  
and to  some e x te n t  in  th e  c o lo n .
In  Crohn’ s d is e a s e ,  o th e r  f a c t o r s  may a ls o  be in v o lv e d  in  ca u sin g  
d ia rrh o ea  in  a d d it io n  to  s e c r e t io n  o f w ater  and e le c t r o l y t e s  in to  th e  
jejunum. Thus, b rea k in g  o f th e  e n te r o h e p a tic  c ir c u la t io n  o f b i l e  a c id s  
may cause c h o le r h e ic  d ia r rh o ea , and f a t  m alab sorp tion  w ith  e x c r e t io n  o f  
hydroxy f a t t y  a c id s  may a ls o  occu r. However, in h ib i t io n  o f je ju n a l  
a b so r p tio n  o f w ater  and e le c t r o l y t e s  and s e c r e t io n  in  th e  jejunum, may 
have a g r e a te r  e f f e c t  in  c a u sin g  d ia rrh o ea  in  Crohn’ s d is e a s e  than  in  c o e l ia c  
d is e a s e .  The ileum  and c o lo n  may be a f f e c te d  by th e  Crohn’ s d is e a s e  and 
be unab le to  absorb any f l u i d  which may have been  s e c r e te d  in  th e  jejunum. 
There i s  th u s l e s s  scope f o r  a d ju s t in g  to  t h i s  je ju n a l  ab n orm ality , and 
symptoms may w e l l  be r e la t e d  to  what i s  happening in  th e  jejunum. In  
Crohn’ s d is e a s e  a fu r th e r  c l i n i c a l  r e le v a n c e  o f th e  f in d in g s  i s  th a t  th e  
d is e a s e  i s  l i k e l y  to  be more w idespread  in  th e  sm a ll in t e s t in e  th an  i s  o f te n  
su sp e c te d  by r a d io lo g ic a l  exam in ation . I t  seems l i k e l y  th a t  in  Crohn’ s 
d is e a s e  th e re  i s  a d i f f u s e  ab norm ality  which i s  w id esp read  in  th e  bow el
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r a th e r  than  f o c a l  l e s i o n s  o f th e  d is e a s e .  Thus i t  appears th a t  u n tr e a te d  
a d u lt  c o e l ia c  d is e a s e  and Crohn’ s d is e a s e  may f a l l  a ls o  in to  th e  c a teg o ry  
o f  s e c r e to r y  d ia r rh o ea .
L i t t l e  in fo r m a tio n  i s  a v a i la b le  from th e se  s tu d ie s  as to  th e  
mechanism o f  th e  je ju n a l  a b so r p tio n  a b n o r m a lit ie s  in  c o e l ia c  d is e a s e  and 
Crohn’ s d is e a s e .  I n h ib i t io n  o f  a c t iv e  sodium a b so r p tio n  by damage to  th e  
sodium pump seems l i k e l y  and some l o s s  o f sodium f o l lo w in g  t h i s  may w e l l  
occu r . In  a d d it io n  th e  p r e sen ce  o f a normal EPD a c r o ss  th e  je ju n a l  
mucosa in  c o e l ia c  d is e a s e  s u g g e s ts  th a t  th e r e  i s  a c t iv e  s e c r e t io n  o f  
sodium in  a d d it io n  to  ,a p e r m e a b ility  le a k . Damage to  th e  sodium pump 
may e x p la in  th e  in h ib i t io n  o f f l u i d  a b so r p tio n , but i t  cannot by i t s e l f  
e x p la in  th e  developm ent o f  a c tu a l s e c r e t io n .  S t im u la t io n  o f  s e c r e t io n  
i s  known to  occur in  c o n d it io n s  in  which th e r e  i s  a r e le a s e  o f c y c l i c  
AMP as in  c h o le r a . To d a te  th e r e  i s  no ev id en ce  s u g g e s t in g  th a t  th e r e  
i s  s t im u la t io n  o f  th e  c y c l i c  AMP mechanism in  th e s e  c o n d it io n s  but t h i s  
r e q u ir e s  to  be ex c lu d ed . O ther f a c t o r s  must be a ls o  c o n s id er e d  and 
in v e s t ig a t e d .
The la c k  o f  resp on se  o f th e  a b so r p tio n  ab norm ality  to  e x c lu s io n  o f  
g lu te n  from th e  d ie t  in  p a t ie n t s  w ith  a d u lt  c o e l ia c  d is e a s e  i s  o f  
c o n s id e r a b le  i n t e r e s t .  T h is may in d ic a te  a slow  resp on se  and in d eed  in  
one p a t ie n t  th e r e  was some tren d  towards improvement o f  a b so r p tio n  one 
y e a r  a f t e r  s t a r t in g  g lu te n - f r e e  d i e t .  On th e  o th e r  hand, i t  i s  p o s s ib le  
th a t  th e  a b so r p tio n  ab n orm ality  may rem ain f o r  some tim e and may on ly  
improve in  th e  proxim al jejunum (where damage i s  most marked) much l a t e r  
in  th e  resp o n se  to  g lu t e n - f r e e  d i e t .  The c l i n i c a l  resp o n se  w hich occurred  
may be due to  improvement in  d i s t a l  je ju n a l and i l e a l  f u n c t io n , so  th a t  
a g r e a te r  d egree  o f r e a b s o ip t io n  of th e  f l u i d  s e c r e te d  in  th e  proxim al
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jejunum may occur s h o r t ly  a f t e r  s t a r t in g  a g lu te n —f r e e  d i e t .  The 
resp on se  o f Crohn’ s d is e a s e  to  trea tm en t e i t h e r  w ith  s u lp h a s a la s in e  or 
c o r t ic o s t e r o id  th erap y  has not y e t  been  s tu d ie d , but th e  r e la t iv e  la c k  o f  
th e  c l i n i c a l  re sp o n se  to  th e s e  form s o f  trea tm en t s u g g e s ts  th a t  l i t t l e  
change in  th e  a b so r p tio n  a b n o r m a lit ie s  in  th e  jejunum i s  l i k e l y  to  occu r .
These s tu d ie s  have c o n c e n tr a te d  on on ly  one p o s s ib le  cause o f th e  
d ia rrh o ea  w hich fr e q u e n t ly  occu rs in  c o e l ia c  d is e a s e  and Crohn’ s d is e a s e  
and s tu d ie s  o n ly  one p a r t o f  th e  a lim en tary  t r a c t  — th e  prox im al jejunum.
As p r e v io u s ly  m en tioned , m u lt ip le  f a c t o r s  are l i k e l y  to  be in v o lv e d  in  
th e  p a th o g e n e s is  o f  th e  d ia rrh o ea  in  in d iv id u a l p a t ie n t s  w ith  th e se  
c o n d it io n s .  Each p a t ie n t  r e q u ir e s  to  be s tu d ie d  in d ep en d en tly  and in d i­
v id u a l ly  to  determ ine th e  degree  to  w hich each se p a r a te  f a c t o r  i s  c o n tr ib u t in g  
to  th e  c a u s a tio n  o f th e  d ia r rh o ea . Each f a c t o r  sh ou ld  th en  be t r e a te d  
in d ep en d en tly  i f  a t  a l l  p o s s ib le .
These s tu d ie s  dem onstrate th a t  th e  sm all i n t e s t i n a l  p e r fu s io n  tech n iq u e  
may be o f  v a lu e  in  d eterm in in g  th e  s p e c i f i c  a b so r p tio n  a b n o r m a lit ie s  in  
v a r io u s  d is e a s e  s t a t e s .  T h is a llo w s  a g r e a te r  u n d ersta n d in g  o f  th e  
p a th o g e n e s is  o f th e  symptoms a s s o c ia te d  w ith  th e se  d i s e a s e s ,  and in  tu rn  
i s  l i k e l y  to  le a d  to  more e f f e c t i v e  form s o f th erap y  f o r  th e se  symptoms.
SECTION Y
CONSIDERATIONS ON FUTURE APPLICATIONS 
OF THE SMàLL INTESTINAL PERFUSION 
TECHNIQUE
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In  th e  15 y e a r s  s in c e  th e  sm a ll irrbes'binal p e r fu s io n  tech n iq u e  was 
f i r s t  d e sc r ib e d , c o n s id e r a b le  advances have been  made in  d e v e lo p in g  and 
u n d erstan d in g  th e  te c h n iq u e , and a wide range o f a p p l ic a t io n s  have appeared? 
With a g r e a te r  u n d erstan d in g  o f th e  problem s o f th e  m ethodology, th e  way 
seems c le a r  f o r  f u r th e r  advances in  th e  developm ent o f th e  system-®
The p r e s e n t  b a s ic  tech n iq u e  can be fu r th e r  a p p lie d  to  the stu d y  o f  
th e  a b so r p tio n  of compounds o th e r  th an  w a ter , e l e c t r o l y t e s ,  g lu c o se  and 
amino acids® Thus, by u s in g  3H — p te r o y lg lu ta m ic  a c id , th e  v a r io u s  
in f lu e n c e s  on f o l i o  a c id  a b so r p tio n  can be s tu d ie d  u s in g  th e  i n t e s t i n a l  
p e r fu s io n  system  (MacKenzie and R u s s e l l ,  1974)» T h is has b een  a p p lie d  
to  th e  stu d y  o f f o l i c  a c id  d e f ic ie n c y  in  v a r io u s  d isea s '^ p ro cesses  such as  
c o e l ia c  d is e a s e  and to  in v e s t ig a t e  th e  im portance o f  i n t e s t i n a l  pH in  th e  
a b so r p tio n  o f f o l i c  a c id . The same b a s ic  i n t e s t in a l .p e r f u s i o n  system  can  
be a p p lie d  to  stu d y  th e  e f f e c t iv e n e s s  o f a c id  n e u t r a l i s a t io n  in  th e  
duodenum. The stu d y  o f f a c t o r s  in f lu e n c in g  t h i s  n e u t r a l i s a t io n  may p o s s ib ly  
shed more l i g h t  on th e  p a th o g e n e s is  o f duodenal u lc e r a t io n .
The a p p l ic a t io n  o f th e  sm a ll i n t e s t i n a l  p e r fu s io n  tech n iq u e  to  th e  
stu d y  o f f a t  d ig e s t io n  and a b so r p tio n  has lo n g  been  so u g h t, and th e  
v a l id a t io n  o f 3H g ly c e r o l  t r i e t h e r  as an adequate l i p i d  phase marker has 
made t h i s  f e a s i b l e  (G erskow itch  and R u s s e l l ,  1974)* The problem s o f  
a p p ly in g  th e  tech n iq u e  to  th e  stu dy  o f f a t  a b so r p tio n  are c o n s id e r a b le  
but th e  a v a i l a b i l i t y  o f  an adequate l i p i d  phase marker opens up a new 
range o f  a p p l ic a t io n s  o f th e  system®
The tech n iq u e  a ls o  has a p o t e n t ia l  w ide range oC a p p lic a t io n s  in  t i e  
stu d y  o f a b so r p tio n  o f  v a r io u s  drugs and th e  in f lu e n c e  o f vs.i'ious f a c t o r s  
on drug a b so r p tio n . Standard methods f o r  s tu d y in g  th e  a b so r p tio n  o f  
drugs have alw ays been  in d ir e c t  and to  some e x te n t  u n s a t is f a c t o r y .  A d d itio n a l
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v a lu a b le  in fo rm a tio n  can be o b ta in ed  by a p p ly in g  th e  p e r fu s io n  tech n iq u e  
to  drug a b so r p tio n .
The system  can a ls o  be a p p lie d  to  stu d y  th e  a c t i v i t y  o f membrane 
d ig e s t iv e  enzymes by m easuring th e  d isap p earan ce o f o l ig o s a c c h a r id e s  and 
o l ig o p e p t id e s  from th e  p e r fu s io n  s o lu t io n ,  (S o e r g e l ,  1 9 7 1 ). I t  i s  a ls o  
p o s s ib le  to  stu d y  th e  output o f p a n c r e a tic  ju ic e  and b i l e  q u a n t i ta t iv e ly  
by a m o d if ic a t io n  o f th e  p e r fu s io n  method (Go, Hofmann and Sum m erskill, 1 9 7 0 ). 
The tech n iq u e  can a ls o  be u sed  to  stu dy e l e c t r i b a l  p o t e n t ia l  d i f f e r e n c e s  
a c r o ss  th e  i n t e s t i n a l  mucosa during  i n t e s t in a l  absoi*ption , by in tr o d u c in g  
a probe e le c tr o d e  in to  th e  je ju n a l lumen as  p a r t o f  th e  p e r fu s io n  tube  
system . T h is tech n iq u e  may be o f immense v a lu e  in  in v e s t ig a t in g  th e  
in f lu e n c e  o f  v a r io u s  f a c t o r s  on i n t e s t i n a l  a b so r p tio n  in  th e  jejunum.
F u rth er  advances in  th e  tech n iq u e  o f  i n t e s t i n a l  p e r fu s io n  can be  
e x p e c te d . The u se  o f is o to p e s  such as 24 Na in  c o n ju n c tio n  w ith  a 
p e r fu s io n  system  a llo w s  th e  measurement o f b id ir e c t io n a l  f lu x e s  a c r o ss  
th e  i n t e s t i n a l  m ucosa. The u se  o f a "slow  marker p e r fu sio n "  ( S o e r g e l, 1971) 
in  which an in e r t  marker i s  added to  th e  e x i s t in g  i n t e s t i n a l  c o n te n ts  d i s t a l  
to  th e  duodeno—j e ju n a l ju n c tio n , a llo w s  e v a lu a t io n  o f  i n t e s t i n a l  c o n te n ts  
d u rin g  f a s t i n g ,  a f t e r  t e s t  m ea ls , a f t e r  s t im u la t io n  o f  p a n c r e a tic  s e c r e t io n s ,  
and a f t e r  in j e c t io n s  o f  hormones and d rugs. The advantage o f t h i s  system  i s  
th a t  th e  tech n iq u e  in t e r f e r e s  on ly  m in im ally  w ith  i n t e s t i n a l  m otor fu n c t io n ,  
b a c t e r ia l  f l o r a  and d ig e s t iv e  s e c r e t io n s .  I t  i s  th u s much more p h y s io lo g ic a l  
th an  th e  stan dard  sm a ll i n t e s t i n a l  p e r fu s io n  te c h n iq u e .
F u rth er  advances can be ex p ected  in  th e  a p p l ic a t io n  o f th e  tech n iq u e  
to  mary o th e r  d is e a s e  p r o c e s s e s ,  p a r t ic u la r ly  in  th e  stu d y  o f th e  resp on se  
of d is e a s e s  to  v a r io u s  form s o f th erap y .
The tren d  in  th e  fu tu r e  o f  th e  sm a ll i n t e s t i n a l  p e r fu s io n  system  i s  
l i k e l y  to  be tow ards th e  developm ent of more p h y s io lo g ic a l  system s which  
w i l l  be aimed a t p r o v id in g  more s p e c i f i c  in fo rm a tio n  about th e  p h y s io lo g y
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and p a th o p h y sio lo g y  o f  sm a ll i n t e s t i n a l  fu n c t io n . The developm ent and 
cu rren t a p p l ic a t io n  o f th e  tech n iq u e  has p ro v id ed  much v a lu a b le ,  
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